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PKEFACE. 



This book is intended as a means of instruction in 
Physiology and Hygiene for pupils and general readers 
who have no previous knowledge on medical subjects. 
The writer has endeavored to arrange the statements and 
descriptions in such a way that no anatomical or physio- 
logical term should be employed, the meaning of which 
has not been already explained in the text. For con- 
venience of reference, however, in cases where this 
explanation may have been overlooked or forgotten, a 
Glossary is added in the latter part of the book, which 
contains the meaning of all professional terms employed 
in the body of the work. A large proportion of the com- 
plicated names and phrases required for the complete 
study of Anatomy and Physiology are entirely unnecessaiy 
for those who pursue it simply as a part of their general 
education — ^that is, in the same way as they study Geo- 
graphy, Astronomy, or Mathematics. The most important, 
and, at the same time, the most interesting facts of Phy- 
siology may be taught with success in a perfectly simple 
manner, provided they be given in the proper order and 
in their natural relation to each other. It has been the 
aim of the present work to accomplish this object ; and if 
it be found to have succeeded in that respect, it is hoped 
that it will be an assistance to the teachers, parents, and 
pupils for whose use it was designed. 

MoMTBBAL^ September, 1868. 
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INTRODUCTION. 



Physiology is the science whieli teaches ua the 
natural actions of the living body, and the maimer in 
which they are performed. It is very important for 
US to know what these actions are, and how they take 
place, for two reasons : 

First, because we learn in tliia way what kind of 
work the li\-ing body is capable of accomplishing, and 
to what uses it is adapted, so that we may be enabled 
to employ our natural powers to the best advantage, 
and not waste them by attempting what is useless or 
impracticable. 

Secondly, by understanding the natitral actions of 
our bodies, and how they are maintained in a healtliy 
condition, we are enabled to avoid injuring them by 
improper treatment, and thus actually diminishing our 
vital powers, or exposing them to debihty and disease. 
Nothing can be more important than this either t/f 
our comfort, our usefulness, or even our mental im- 
provement. For the bodily frame is the organization 
by which our animal life is maintained, through 
which all our knowledge of the world about ns is ac- 
quired, and by means of which alone all our designs 
are carried into execution. The knowledge of the 
mode in which health is to be maintained, and the 
bodily and mental powers kept unimpaired, consti- 
tutes the science of HTGrESE. 



FJtIV IHTEOOUOnON. 

I The study of pbyeiology, therefore, leads directly 
I to that of hygiene, and the two are necessarily a£9o- 
[ ciated with each other. 

I In examining the bodily frame, we easily see that it 
I is composed of various parts, wfiich differ from each 
I other in size, appearance, textm-e, and location. In 
I one region, for example, there is the heart, in another 
I the liver, in another the brain ; while the surface is 
[ every where enveloped by the Bensitive expansion of 
I the skin. These different parts or portionH of the 
f body are called its Orga/ne. They are connected in 
I eueh a way as to give to each other a mutual support, 
I and to form by their onion a complete bodily organi- 
I zation, 

I Now each one of these organs is intended for a 
particular use, which is necessaiy in some way to the 
maintenance of life. Thus the heart circulates the 
blood, the limgs breathe, the liver produces the bile, 
the stomach digests the food, and the brain directs 
the movement of the limbs. The particular act or 
duty which each organ performs in this way is called 
its Function. Each function is different from every 
other, just as the organ which performs it is different 
from the rest; but th^ are aU necessary to the 
I healthy action of tlie whole body. For the different 
functions are associated together like tlie different or- 
' gans that perform them, and are in the same way 
mutually dependent. Thus the liver can not pro- 
duce bile unless it bo properly supplied with blood, 
I and the blood will soonbecome poor and useless un- 
I lesa the stomach continues to digest tlie food. 
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The whole body, accordingly, is made up of differ- 
ent organs, united with each other, and performing at • 
the Bame time a variety of fimctions. It ia a kind of 
workshop in which various duties are performed by 
different workmen, while all combine to produce the 
final result This result is the complete and healthy 
activity of the entire frame. 

While studying, accordingly, in their regular order, 
the various animal functions, we find that tliey are 
naturally arranged in certain groups, which are dis- 
tinguished from each other by the nature of the acts 
performed and the object to be Accomplished by 
them. Some of these acts are comparatively simple, 
others more peculiar and comphcated. We shall find 
that their study is facilitated by taking up first the 
more Bimple of the animal fimctione, and afterward 
in snecession those which are more complex. 

These functions will accordingly be described in 
four different groups or sections. 

Section I.— The animal functions belonging to tlie 
first gi-oup are entirely Mechahical in their nature. 
They are those by which the body is held together 
by the articulation of its various parts ; by wliich the 
internal organs are protected from mechanical in- 
jury ; and by which the voluntary movementa of the 
limbe and trunk are performed. This group com- 
prises the functions of the bones, the cartilages, the 
ligaments, the tendons, and the rauacleB, 

Seoiion IL — The second group of functions are 
those which are physical or chemical in their nature, 
and which provide for the nourisliment or NuntrnoN 
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of the body. This group includes a great variety of 
■ functions, which all tend, however, to the accomplish- 
ment of a single object, viz., the maintenance of the 
animal frame in its proper condition of flesh, strength, 
and activity. We shall study, in this division of the 
subject, the ingredients and quahties of the food, its 
preparation, digestion, and absorption, the blood and 
ita circulation, respiration, secretion, and the nutri- 
tion of the animal tissues. 

Section III. — The third group includes the actions 
of the Neevous System. These actions are quite dif- 
ferent in their nature from any of the preceding, and 
have for their ultimate object the guidance or regu- 
lation of the other functions. It is in the study of 
this group that we shall learn the aetipn of the senses, 
of the will, of the inatinctB, of many involuntary 
movements, and of the various operations of tlie 
mind. 

Section IV, — Finally, an important division of the 
subject is that which relates to the changes in the 
functions of the body at different ages, to its growth, 
adolescence, maturity, and Development. For the 
history of the animal fiinetions is not entirely the 
same at different ages, but tmdergoes various modifi- 
cations, like the external appearance of the frame, 
and the capacity of the mental and bodily powers. 
The entire organization, therefore, is adapted to dif- 
ferent purposes at different ages, somewhat in the 
same way as the various organs are permanently de- 
voted to particular functions. 
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PHYSIOLOGY AND HYGIENE. 



The Bone*.— Thdr Composition. —Their Structare.— The Skeleton. 
—Spinal Colrann.— The SkulL —Pelvis. -"Kbia. —Bones of the 
Foot. — Cniratnres of ihe Skeleton.— Elastic Ligamenta. 

Thb Mubclhs. — Their Contracdon. — Hdosation, — Flexor and Ex- 
tenaor Mnscles. — ^Tendons. — Movement of Joints. — Walking. — 
Ennning. — Leaping. — Elasticity of the Skeleton. — Exercise of the 
Muscular System. — Its Repose. 

' 1. Structiire and CompoBition of the Bonee.— Tbe body 
dependa for its general form and solidity upon the bonee. 
The bones are of Tariotis sizes and shapes in different 
parts of the frame, but they are distinguished from the 
other organs by being hard and rigid, instead of boII 
and yielding; so that they are adapted to sustain the 
Other tifisnes which are attached to them, and to pro- 
tect the internal organs which they inclose more or 
leas perfectly in interior cavities. Now the bones have 
this important quality of hardness and rigidity because 
they contain, among other substances, a large propor- 
tion of a mineral ingredient. This ingredient is Iiime, 
which, in certain forms of combination, is urifted with 
the animal matter of the bones, and makes them firm 
and resisting. If the bones were composed entirely of 
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tliia mineral ingredient, they would be atony and brit- 
tle, like limestone or marble ; but, in reality, tlicy con- 
sist partly of animal matter and partly of lime. The 
lime gives them theu- stifFuesB and reHistance, while the 
animal matter makes them, at the same time, some- 
what tougb and elastic ; so that they combine, to a cer- 
tain extent, the two qualities of stiffness and elasticity. 
They are hard enough to sustain the weight of the 
body, and yet are not so brittle as to be .easOy broken. 
As a general rule, the bones are composed of about one 
half animal matter and one half mineral substance. 

Another important quality of the bones is their light- 
ness, which is combined in a proper degree with firm- 
pi,, , nesB and resistance. If they were en- 
tirely dense and solid, they would bo 
too heavy for motion, and would be 
rather a load and impediment to the 
animal body than a support and assist- 
ance. But, in point of fact, the bones 
are hallow (F^s, 1 and 2). They are 
covered every where on their exterior 
with a layer of very compact bony tis- 
sue, which acts as a firm and resisting 
shell, while in their interior there are 
cavities occupying a large portion of 
the bony mass. In the middle of the 
bones of the limbs these cavities are 
elongated and cylindrical, and are filled 
with a soft vascular substance termed 
the Marrow ; but their rounded ends 
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dies and filaments, which branch and unite in various 
directions, dividing the principal cavity into a great 



J 



nnmber of smaller spaces, and giving to the bone in 

this siinatioii a vory finely reticulated or boney-e embed 

Pig. a. 




Lower end ot Uie thigh-bone, aawn acrosa, ahowinE ita coulrul cavity. 

structure. By' this means the bones are made lighter, 
while they also preserve their firmness and resiatanco, 
and at the same timo give a secure faBtening to the 
mnscles and tendons which are attached to their sur- 
face. 

2. General arrangement of the Skeleton.— The bonoa 
are united to each other, by strong fibrca or ligamentf, 
into a connected series or system, which is called the 
Skdelon. The skeleton is therefore a bony scaffolding 
or frame-work, which sustains by its physical solidity 
the other organs, and which gives ita general configu- 
ration to the entire hody. It consists, first of all, of the 
" Epinal column," or Back-bone (Fig. 3), which runs up 
and down along the middle line of the back, and which 
can be readily felt in that situation, like a bony ridge, 
extending from the back of the neck to the region of 
the hips. This ridge is formed by a line of sharp 
prominences or " spines," each of which belongs to a 
separate bone ; and as these bones are placed one upon 
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anotber, like a pile or column, tbc en- 
tire series has accordingly received 
the name of the " spinal column," 
The bones of the spinal column, twen- 
ty-siz in nnmber, are articulated and 
locked together by variouB projec- 
tions, and fastened by ligaments in 
such a way that it is capable of being 
maintained with security in the erect 
position. It stands, therefore, as a 
kind of central upright pillar, around 
which the otiier organs of the body 
are grouped, and upon which they 
depend for their support. It is the 
most important part ' of the whole 
skeleton. 

Tlie spinal column sustains upon 
its upper extremity the " cranium," 
or Skull, which ia a hollow bony case 
containing the brain, and having at- 
tached to it the jaws and other paits 
of the frame-work of the face. Its 
■ lower extremity rests upon the "pel- 
vis," or Sip -bone, between the two 
ehotr ihe diiectiaD halves of wMch it is fastened like a 

or the prladpal , , i i. ■ i- 

moicieB. wedge, and secured by strong liga- 

ments. The pelvis is a bony expansion, very much like 
a basin in shape, and is mtended to receive and sup- 
port the organs of the lower part of the abdomen. By 
placing the hands upon the hips, we can easily feel the 
flaring edges of this basin-like bone, and can readily 
understand how it serves to support the intestines and 
othfsr organs placed above it. 
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The pelvla, in its turn, rcata upon the "femur," or 
great Thigiirbone ; the hirgeel and strongest single bone 
in the whole body. It ia placed nearly straight up and 
down, and is surrounded by the thick muecleB of the 
thigh. It is itself Bitpportcd by the Tibia, or leg-bone, 
npon which it is placed, end for end. The tibia is some- 
what triangular in shape, and fomiH the sharp ridge 
which may be felt on the front part of the leg below 
the knee. LaBtly,the lower end of the tibia rests npon 
the bones of the J^ot, These bones are arranged very 
much in the form of an arch ; for while the foot touches 
the ground by the point of the heel behind and the ball 
I of the toes in fi-ont, the bones between them rise into a 
curved figure, forming at this part an areh or vault, 
called the "hollow of the foot." 

Now the bones of the foot are not fastened immova- 
bly to each other, but are so coimected by elastic bands 
and ligaments that they yield a little when pressed 
upon, and again resume their nsual position when the 
pressure ia taken off. We can perceive this very dis- 
tinctly by healing down upon the foot forcibly from 
above, when it spreads out a little, and afterward re- 
covers itself and returns to its original shapa 

The principal internal organs, such as the heart, 
lungs, liver, stomach, and intestines, are contained in 
the cavities of the chest and abdomen, being situated 
in front and on the sides of the spinal column, 

3, Balancing of the different parte of the Skeleton.— 
The entire skeleton, therefore, forms a connected series 
or vertical frame of bones, which is so balanced that it 
may be kept in an upright position. 

The different parts of the skeleton are not placed ex- 
I aiitly in a straight line, one above another, but, on the 
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contrary, vary somewhat both in a bactward and for- 
ward direction. The bones of the foot are placed very 
obliqnely, as we have already Been, forming an arch. 
The tibia, which rests upon this arch, is the only bone 
which is exactly vertical. The femur is somewhat 
curved in shape, and is also tipped forward, so that its 
upper extremity is articulated with the pelvis a little 
in front of the junction of the pelvis with the spinal 
column above. And the spinal column itself has no 
less than three different curvatures, which are turned 
alternately in the backward and forward direction. 
Nevertheless, if we look at the diagram of the skele- 
ton in Fig. 3, we shall see that all these variations com- 
pensate for each other ; bo that, although the akeleton 
is thus curved in its different parts, its general direc- 
tion is a straight one, and the weight of the head and 
upper part of the body rests almost exactly above the 
ankle-joint. 

But, as the different parts of the skeleton are movable 
at the joints or articulations, they must be fixed or 
steadied in some way, in order to keep the body in an 
upright position. This is accomplished by the follow- 
ing means. 

4. Action of the Mastic Ligamente. — First of all, the 
body is held erect by a series of Elastic Ligaments, 
which are attached to the back part of the spinal col- 
umn. This jointed column is so arranged that it is ca- 
pable of moving in various directions, and especially 
of bending forward; and as the principal internal or- 
gans are situated in front of it, their weight would nat- 
urally cause it to bend over in this direction. But the 
spinal column is also provided througliout its entire 
length with bony eminences, projeftintr backward from 



B^e posterior surface. Now between those eminences 
there arc attached, from one end to tho other, a succes- 
sion of strong ligaments or hands, called the " elastic 
ligaments of the spinal column," because they are es- 
tensible and elastic like India-rubber. These ligaments 
are sufficient to prevent the spinal column from yield- 
ing to the weight of the organs situated in front. 
When the back bone is bent forward by the action of 
the muaolea, the bony eminences on ita posterior sur- 
laee, of course, are opened and separated from each oth- 
■ er like the sticks of a fan ; but afterward they are 
j drawn together as before by the elastic force of their 
I ligaments, and the spinal column is again straightened. 
5. Btmctnre and Action of the IffoacleB. — Secondly, 
I the skeleton is maintained in its upright position by 
1. the action of the Muscles. These are the organs which 
F are attached to the different parts of the skeleton in 
, Huch a way as to control its movements. Tliey form a 
large proportion of the whole mass 
of the body, and constitute the firm 
and rnddy fibrous Flesh, which is 
found every where underneath the 
skin, which clothes the bones, and 
which envelops in a kind of mus- 
cular sac the cavities of the chest 
and abdomen. 

If the muaclea be examined by 
the microscope (Fig, 4), they are 
seen to be comjiosed of a great 
number of very e,ma\\ Jibres, too mi- 
nute to be seen by the naked eye, 
placed side by side, and all run- 
ning in nearly the same direction, 
B 
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These fibres are ruddy in color, and very elegantly 
marked by transverse lines or stripes, which ran around 
them in a circular direction. The fibres themselves are 
unitedintosmallbnndles, offromlOO to 200 each, which 
are placed aide by side with other similar bundles, but 
separated from them by a thin layer of loose interven- 
ing tiaaue, called CeUular Tissue. A number of these 
bundles are also united into larger bundles with cellu- 
lar tissue between them, and these again into etill 
larger. Thus the entire muscle is made up of many 
bundles of parallel fibres, which can be separated from 
each other by careful dissection, and reduced to finer 
and finer divisions, until they become too small for the 
naked eye, It is this which gives to the muscular flesh 
its fibrous appearance on close examination. 

Now the muscles, as we have described them above, 
are endowed with the power of Contraction. By this 
it is meant that the muscular fibres, when they are ex- 
cited by the influence of the will, can shorten them- 
selves, so as to draw together any two points to which 
their ends are attached. Both ends of a muscle are 
never attached to one and the same bone, but between 
their two attachments there is always an articulation 
or joint, which allows of motion between one bone and 
the other. 

In contracting, therefore, the muscle draws the two 
bones to which it is attached nearer to each other. 

Whenever a muscle contracts, it swells from side to 
side at the same time that its fibres are shortened ; and 
very accurate experiments have shown that it increases 
in thickness in exactly the same proportion that it di- 
minishes in length. It does not become, therefore, 
either larger or smaller during contraction, and only 
changef" its shape, but not its size. 
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If we grasp with tho fingora the mnscles on the fi-ont 
K|ia]'t of the arm above the elbow, we can perceive their 
■ j^ntraction whenever we bend the elbow forcibly up- 
ward. At this time two changes in the muscle are dis- 
inctly felL First, it swells, as we have already said. 
Old becomes prominent under the akin; and, secondly, 
I'it becomes at the same moment harder and more resist- 
ing to the touch. This increased hardness of the mus- 
cle during contraction is caused by the forcible tension 
of its fibres, wiiich continues as long as they remain iti 
L activity. 

I The action of a muscle, accordingly, during contrac- 
r tion is as follows : it shortens in the direction of its 
length, enlarges in the direction of its thickness, and bu- 
OomcB more tense and firm in consistency. 

A muscle can remain in contraction only for a short 
time. After a few instants it returns to ita former 
condition, becomes comparatively soft and yielding, 
and ceases to exert its force, so that it may be easily 
^^awD out to its former length. This state of the mus- 
i called its Jlelaxatwnj and when completely re- 
lazed, its fibres no longer exert any active eflect upon 
fthe parts to which they are attached. 

Every muscle, accordingly, is alternately in one of 
ttvro difierent states, viz., the state of active contrac- 
f tion or that of passive relaxation. 

. Arrangement and Action of the Flexors and Ezten- 

f aora. — Nearly all the muscles of tho body and limbs 

10 arranged in two different sets as to act alter- 

I nately with each other. One of these two sets is placed 

|«D the anterior, or front part, the other on the posteri- 

r, or back part ; and when thrown into activity, they 

ferve to move the limb in two opposite directions. 
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Those which bend the joint are called the Flexor mus- 
clea; those which straighten it are called the JHoitetiaor 
muscles. Thas the muBcles on the back part of the 
thigh draw the leg backward and bend the knee ; they 
are therefore the flexor musclca. Those on the anterior 
part of ths thigh draw the leg forward and straighten 
the knee ; they are therefore the extensor muscles. On 
the other hand, the mnsclea on the front part of the 
arm, above the elbow, bend the arm at tho elbow, and 
are flexors; those on the back part straighten the el- 
bow, and are extensors. 

In this manner the movements of the body are ac- 
complished by the alternate contraction and relaxation 
of the two sets of muscles operating in diflerent direc- 
tions; for when the flexors contract, they bend the 
lirab without any resistance from the estensoi-s ; and 
when the flexors become relaxed, the extensors again 
straighten the limb as before. When both fiexora and 
extensors are thrown into activity at the same moment, 
they make the limb rigid, and prevent its moving in 
either direction. 

But, as we have already seen, a muscle can remain in 
constant action for only a few seconds at a time. Aft- 
er a short period it must again become relaxed, not 
only to allow the opposite muscle to bend the limb in 
a different direction, but also to gain for itself new 
strength for another movement ; for the force of the 
muscular fibres ia more or less exhausted during con- 
traction, and again restored during relaxation. The 
muscles, therefore, alternately expend their power while 
contracted, and regain it in the state of relaxation. It 
ia on this account that it is so exhausting to hold the 
arm or the leg outstretched in the same position for 
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f«everal miuutes together, while llio same limb may be 
moved backward and forward during an equal period 
without any sense of fatigue. For the same reason, it 
la more tiresome to stand upright and motionless for a 
quarter of an hour, than to walk about for the same 
length of time. 

In the ordinary movements of the body, therefore, 
the different muscles are constantly changing from con- 
traction to relaicalion, and their natural vigor is thus 
kept unimpaired. 

(Accordingly, it is easy to see how the skeleton ia 
held erect by the action of the muscles. The effect of 
this action is not that of a rigid and unyielding stiff- 
ness, but a delicate and graceful balancing, which al- 
lows of constant changes and inclinations of the body, 
without its being thrown out of the upright position. 
Those muscles which are situated in front prevent the 
joints from bending backward, and those which are at- 
tached behind prevent their yielding in a forward di- 
rection. In the same manner, those which are placed 
upon the right and left sides of the body prevent its 
falling in either direction laterally. The muscles are 
like the stays which support the masts of a ship, only 
they are not inanimate and passive, but active and 
movable in controlling the differeut parts of the skele- 
Tlie body can not remain upright for a single in- 
J»tant without their aid; for, if the muscles be para^ 
llyzed at any time, as by an apoplexy, or a sudden blow 
upon the head, the power of standing erect is instantly 
lost. The head falls down upon the chest, the spinal 

Enn bends forward, the thighs bend at the hip-jointa, 
egs give way at the knees, and the entire frame 
together in a eollapsed and shapeless mass. But 
■ M- 
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while the muscles retain their natural action by con- 
stantly drawing upon the differ^t parts of the limbs 
and trunk, alternately backward and forward and from 
side to side, they prevent any undue deviation, and 
maintain the body in the erect posture. 

1. Attachment and Mechanism of the Ifuscles. — The 
muscles of the limbs are usually rather elongated in 
shape, and somewhat thinner at their two extremities 
than in the middle. At their upper extremities, as a 
general rule, they are quite closely attached to the 
bones; but at their lower extremities they become 
more slender and tapering, and run into somewhat long 
and narrow rounded cords of white fibrous tissue, which 
are called " sinews," or Tendons. These tendons have 
no power of contraction like that of the muscular fibres, 
nor can they be stretched like the elastic ligaments of 
the spinal column ; they are simply very strong and 
unyielding fibrous cords, by which the muscles are at- 
tached to the bones upon which they are to act. When 
a muscle contracts, accordingly, it draws upon the bone 
below, by meats of the tendon which is inserted into 
it, exactly as a horse draws a loaded wagon by means 
of the leathern tugs and couplings of his harness. 

The tendons are usually inserted into the movable 
part of a limb, at a short distance below the joint. Ac- 
cordingly, when the muscles contract, they act upon the 
limb with great rapidity; and a small amount of con- 
traction in the muscle will move the farther extremity 
of the limb over a considerable distance. Thus the 
hand and arm are raised, in bending the elbow-joint, by 
the action of the flexor muscles situated on the front 
of the upper arm, above the elbow, called the Biceps 
fiexof and the BracMalis avficus (Figure 6). They 
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le from the bones oflho shoulder and upper arm, 
whence their fibres pass in a downward direction, their 
tendons being finally inserted into the bones of the fore- 
arm juat below the elbow-joint. When these ranseles 
contract they draw the fore-arm upward, moving it 
upon the elbow-joint like a door npon its hinges, and 
I thus raising any weight which is supported upon the 
I hand or wrist. The greater the weight which is to be 
1 lifted in this way, the greater the force which is ex- 
i erted by the muscles; and they may be felt, according- 
I ly, on tho front of the upper ai-m, swelling and harden- 
f at the moment of contraction exactly in proportion 
I to the amount of strength put forth. The tendon of 
the biceps may also be felt at the same time, just in 
front of the elbow-joint, made tense and rigid like n 
bowstring by the action of the muscle above. 

Nearly all the movements of the body and limbs are 

performed by a mechanism like that just described. 

r Whatever variations occur are mainly due to the dif- 

I ferent constniction of the joints ; for, while some of 



ihcm, as tlio elbow-joint and the knee-joint, are so ar- 
ranged that they can move only backward and forward 
like hinges, others, such- as the shoulder and hip joints, 
can be turned in various directions, or even carried 
round and round in a circle, or rotated by a kind of 
twisting motion, like the hand and fore-arm. But in all 
cases this is accomplished by the action of muscles, 
whose tendons are inserted into the bones in various di- 
rections, and which thus produce by their contraction 
the corresponding movements. 

8. Movements of Walking, Bunni&g, and Leaping:. — 
The movements of Walkinff, Running, Leaping, etc, 
are performed as follows: When the body stands up- 
right, aa in Fig. 3, the feet are planted flat npon the 
ground, bearing at once upon the heels behind and the 
ball of the toes in front, the weight of the body resting 
between the two, upon the middle of the arch of the 
foot. The body is maintained in this position, as we 
have seen, by the various muscles, which act in such a 
way as to keep its different parts carefully balanced, 
and to retain the weight of the whole suspended exact- 
ly over the ankle-joint. 

Now in walking, when a movement is to be executed 
in advance, the body is first made to lean a little for- 
ward, so that its weight no longer remains above the 
ankle, but is thrown forward ao as to rest entirelyupon 
the toes. The heel is then lifted from the ground by 
the action of the very strong muscles situated^ on the 
back part of the leg, called the Gfaetrocnemius and Solmes 
muscles. These muscles, which come down from above, 
form the fleshy mass which is known as the " Calf of the 
leg," Tliey terminate in a strong cord-like tendon, 
called the "Tendon of Achilles," which is e.tsily felt at 
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the back part of the ankle-joint, 

and which is attached to the 

projecting bone of the heel, 

termed the Calcaneum (Fig. 0). 

When these muRcles contract, 

they draw the heel npward by 

meaDB of the tendon inserted 

into it, and lift, in thiB way the 

ankle-joint and the whole body, 

carrying it upward and forwan:!, 

"wfSuiebeei'arswnoptj'^ '''^ principal weight resting, as 

'■Tendon o/Achui™." already mentioned, overthe ball 

I of the toes. 

The action of the leg and foot, in this movement, ia 

the same with that by which we might lift a weight 

from tlie ground with the aid of a lever. Suppose one 

[ end of a strong stick to rest npon the ground, and tliat 

thia stick bears npon its middle a heavy weight (Fig. 7). 




Then, by taking in the hand the other end of the Blick, 

we may lift the weight exactly as the body is lifted, in 

I walking, by the muscles of the leg and the ankle-bonee. 

At the moment that the body is raised and tilted 

forward in this way, the other foot is lifted entirely 

I from the ground and swung forward, so as to take a 

I Btep in advance. As soon as the body has been carried 

I far enough in an onward direction, the second foot is 

B2 
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also raised in the same manner as before, while the 
first 18 swung forward in its turn to take another step. 
In this way the two legs act alternately, the weight of 
the body being carried forward first by one and then 
by the other; all the muscles, however, upon the two 
sides combining harmoniously in their action, so as to 
produce an easy, graceful, and continuous movement. 

In the act of walking, as above described, one foot is 
always upon the ground, and the weight of the body is 
mainly supported in this way by bearing upon the toes; 
it is only liited forward alternately on the two sides by 
the leverage of the bones of the foot. Consequently no 
violent muscular exertion is required, and the move- 
ment can be kept up for a long time without fatigue. 

The act of Running, however, instead of being a 
series of steps, is performed by a succession of leaps 
or Bprings, in each of which the whole body is thrown 
clear of the ground, and carried forward by the im- 
petus which it has received. In order to accomplish 
this, at the moment the beet is about to be raised by 
the action of the muscles above described, the knee and 
hip joints are first bent, and then instantly straightened 
by the sudden contraction of their extensor muscles. 
The whole hmb thus acta like a powerful spring, which, 
by its sudden extension, throws the entire body off the 
ground and carries it through the air in an onward di- 
rection. The opposite limb is at the same time thrown 
forward to receive the weight of the body, and to pei-- 
forra, in its turn, and with a similar rapidity, the same 
movements. The speed of the runner depends on the 
vigor of the muscular contractions, and the swiftness 
with which the successive motions are performed. 

The act of Jumping is accomplished in a similar way 
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witli that of running, except that the same motions are 
executed by both limbs together, so that each leap is 
performed by itseifj and is not combined with the otli- 
ers into a continuous movement. 

9. Elaaticity of the Skeleton. — In all these various 
movements, the body is protected from the effect of 
endden shocks and jars by important peculiarities of 
Btructure and functioa 

First of all, the bones themselves are elastic. This 
elaaticity is not very marked in degree for any single 
bone, but still it exists every where, and ib a quality of 
considerable importance for the entire skeleton. It is 
owing to the fact which has already been mentioned, 
viz., that the bones are formed of an animal substance 
united with a combination of lime. The elasticity of 
the animal substance is much diminished in conse- 
qnence of its union with the mineral ingredient ; but 
still it does not disappear altogether, and the entire 
bone therefore retains the property to a certain degree. 
In children and very young persons the quantity of 
lime in proportion to the animal substance is smaller 
than in adults, and their boncH are consequently more 
flexible and elastic than at a later period. It is for this 
ison that the bones of young children are very sel- 

I dom broken by falls or other accidents, while those of 

I adults are more liable to injury fi'om this cause. 

Secondly, the articulating ends of the hones are cov- 
ered with a layer of firm, India-rubber-like substance, 

I called CaHilage. In most of the movable joints there 
! two of these cartilages, firmly attached to the cor- 
responding bones, and moving smoothly and easily 

I npon each other by their opposite surfaces, which are 

■ lubricated with a transparent fluid. In the spinal col- 
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nmn the principal cartilages are quite thick and pulpy, 
Ijing, like so many elastic cuBhions, between the ditfer- 
ent bonea of which the column is composed. All these 
cartilages serve to receive the shock of sudden blows 
or falls, and to dissipate their injurious effects. 

Thirdly, the Curvatures of the different parts of the 
skeleton have also an important influence in this re- 
spect. These curvatures are especially marked in the 
spinal column, which, in its natural position, is bent al- 
ternately in three different directions (Figure 3), thus 
presenting a wavy or serpentine figure instead of a 
straight vertical line. The consequence of this is that, 
when it receives a sudden shock or impulse, it yields 
momentarily by increasing its curvatures, like a bow or 
spiral spring, and then recovers itself when the press- 
ure is relieved. All the bones of the limbs are also 
slightly curved in their figure, and therefore contrib- 
ute, in some degree, to the same effect. 

. Protective Action of the MoEoles. — Lastly, an im- 
portant protecting influence ia exerted by the action of 
I the muscles ; for in leaping, running, or jumping from 
I a high place, the body is never abandoned entirely to 
its own unassisted weight. The muscles are always 
employed in holding the limbs in the required position, 
and keeping them in readiness for other movements. 
When the body reaches the ground, the limbs bend at 
1 the joints, still controlled, however, by the extensor 
I muscles ; and these muscles immediately afterward 
react, again bringing the body into an erect position. 
In this manner a certain kind of elasticity, dependent 
upon muscular vigor, is communicated to the motions 
^^ of the whole frame, and protects it from the effect of 
^^k sudden concussions. 
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11, Exerciae, — The natural force of the muscular sys- 
[ tern requires to be maintained by constaat and regular 
' Meercise. If all the muBcleB, or those of any particular 
part, be allowed to remiiin for a long time unused, they 
diminish in size, grow softer, and finally become slug- 
gish and debilitated. By use and exercise, on the con- 
I trary, they maintain their vigor, continue plump and 
firm to the touch, and retain all the characters of their 
healthy organization. It is very important, therefore, 
' that the muscles should be trained and exercised by 
sufficient daily use. Too much confinement by seden- 
tary occupations, in study, or by eimple indulgence in 
indolent habits, will certainly impair the strength of 
the body and injuriously affect Ihe health. Every one 
who is in a healthy condition should provide for the 
I free use of the muscles by at least two hours' exercise 
I each day ; and this exercise can not be neglected with 
impunity, any more than the due provision of clothing 
and food. 
The muscular exercise of the body, in order to pro- 
i duce its proper effect, should be regular and moderate 
in degree. It will not do for any person to remain in- 
active during the greater part of the week, and then 
I take an excessive amount of exercise on a single day. 
' An unnatural deficiency of this kind can not be com- 
pensated by an occasional excess. It is only a uniform 
and healthy action of the parte which stunulates tho 
muacles, and provides for their nonrishment and growth. 
Exercise which is so violent and long-continued as to 
produce exhaustion or unnatural fatigue is an injury 
I instead of an advantage, and creates a waste and ex- 

^H penditnre of the muscular force iustead of its healthy 
^B increase. 
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Walking is therefore one of the most nseful kinds of 
exercifle, Buiee it calls into easy and moderate action 
nearly all the musclea of the hody, and may be eon- 
tinned for & long time without fatigue. Riding on 
horseback is also exceedingly efficacious, particularly 
as it is accompanied by a certain amount of excitement 
and interest which acta as an agreeable and healttiy 
stimulus to the nervous system. Running and leaping, 
being more violent, should be used more sparingly. 
For children, the rapid and continuous exercise which 
they Bpontaneously take in their various games and 
amusements in the open air is the best. The exact 
quantity of exercise to be taken is not precisely the 
same for different persons, but should be measured by 
its effect. It is always beneficial when it has fully 
employed the muscular powers without producing any 
sense of excessive fatigue or exhaustion. 

It should be remembered, also, that the object of cx- 
!rcise is not the mere acquisition or increase of muscu- 
lar strength, but the proper maintenance of the general 
health. A special increase of strength may be produced 
to a very great extent by the constant practice or train- 
ing of particular muscles. Thus the arms of the black- 
smith and the legs of the dancer become developed in 
excessive proportions ; and by the continued practice, 

n a gymnasium, of raising weights, or carrying loads, 
the muscular system generally maybe greatly increased 

n force. But this unusual muscular development is not 
necessary to health, and is not even particularly bene- 
ficial to it. Tlie best condition is that in which all the 
different organs and systems of the body have their full 
and complete development, no one of them prepondera- 
ting excessively over the others. The most useful kind 
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se, accordingly, is that which employs equal- 
I ]y all the limbs, and caltivates agility and freedom of 
novement, as well as simple muscular etrength. 
In all cases, also, the exercise vhich is taken should 
I he regular and uniform in degree, and should he re- 
peated as nearly as possible for the same time every 
day. 

. Repose. — The muscular system requires, fiirllier- 
more, a daily period o£Jiepose. Thia is not only the 
interval between tie periods of active exercise ; for 
I* even while sitting, or standing, or engaged in ordinary 
L quiescent occupations, we constantly employ some de- 
I gree af muscutar exertion. It is also ncceesary that all 
I muscular activity he entirely suspended for a time, dur- 
[ ing the period of sleep ; for it is during sleep that the 
I main part of the nourishment of the tissues takes place, 
I and the renovation of their active powers is accomplish- 
ed. We feel, accordingly, a sense of refreshment and 
' renewed vigor after sleep, which is owing in great meas- 
ure to the nourishment and repair of the muscular sys- 
tem. A privation of this necessary repose will inevita- 
bly show its effect, after a day or two, in diminished 
strength and the failure of the powers generally. The 
requisite amount of sleep, therefore, should always be 
taken at night with the same regularity that exercise 
1 is employed during the day ; for it is by the uniform 
[ and alternate influence of both that the muscular ays- 
' tern is kept in the highest condition, and the general 
health most effectually secured. 
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QUESTIONS FOR CHAPTER I. ^^^ 


1. 


What is the use of the bones ? H 


2. 




3. 


What ingredient gires them their hunlnosH 7 ^^^^| 


4. 


What ingredient gives them Uieir elasticity ? ^^^^^| 


6. 


Are the bonea solid or hollow ? ^^^^H 


6. 


What are their hollow parts filled with ? "^^^H 


1. 


How arc the bones fastened to each other? 1 


8. 


What name ia given to the whole saries of bones united to- 1 


gather? | 


9. 




10 


Why is it called the " spinal colnnm ?" 


11 


What is suppodeil upon the upper end of the spinal colnmn ? 


IS 




13 


What does the lo»er extremity of the spinal column rest upon ? 


U 


What is the shape of the pelvis ? 


IB 


What organs does the pelvis servo to support ? 


16 


What is the hone of the thigh ? 


17 


What is the bone of the leg? 


18 




19 


How does the foot move when pressed i^n 1 


20 


Are the different parts of the skeletoii stmight or curved ? 


2t 


Hon is the skeleton held upright? 




What are the " elastic liganionlB,"and where are they fliWated? 


23 


What are the muscles ? 


24 


Of what are they composed ? 


26 


What is the appearauce of the muscular Ubres? 


26 


What pecnliar propeHy is possessed by the muscles? 


27 


What effect is produced on the bones by the contraction of the 


muaclea? fl 


28 


When a muscle contracts, how is its »hupe altered? ■ 


39 


How is it changed in consistency T ■ 


30 


What is the reJaxation of a muscle ? 1 


81 


What is the difference between a flexor moscle and an exten- 1 


Bormascle? | 


82 


Wlien the flexor muscles and extensor muscles both contract at J 


thes 


ime time, what effect do they have on the limb ? ■ 


38 


When is the force of a muscle expended ? ■ 


^ 


M 
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34. When is it restored? 

85. Why is it tiresome to hold the arm or leg continiioiisly in one 
position? 

86. How do the mnsdes serve to balance the different parts of the 
skeleton? 

^87. By what are the mnsdes attached to the movable bones? 
38. Where are the mnsdes situated which bend the dhow? 
89. Where are their tendons inserted? 

40. What joints move like a hinge? 

41. What joints can be moved round in a drde? 

42. How is the motion of walking performed ? 

43. How is the motion of running performed? 

44. How are the motions of leaping and jumping performed ? 

45. How is the body protected from shocks and jars ? 

46. Why are the bones of children more elastic than those of 
adults? 

47. What are the ends of the bones covered with ? 

48. What is the use of the cartilages t 

49. What is the use of the curvatwea of the skdeton? 

50. How do the muscles protect the' body from injury? 

51. Why is exercise of the musdes necessary to health ? 

52. How should the exercise be tekesn. ? 

53. What are the most useful kinds of exercise? 

54. Why is repose necessaiy to health? 

55. What effect is produced by a want of natuhd sleep 7 
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CHAPTER n. 

THE POOD AND ITS INGKEDIENTS. 

Inorganic SubstaacBB. — WaWr. — Salt. — Limo. — Olher Inorganic 
MMtera. — Slarch. — Ita dlEFerent Vnrielios. — Properties of Starch. 
— Its conversion into Sugar. — Sagar. — 'WheDce obtained.— Propor- 
tion in the Food. — Fermentation of Sagar. — Fats. — Stearine. — 
Margarine. — Oleine, — Crystallization of Fat. — Emulsions. — Con- 
dition of Fat in Animal and Vegetable TisBues. —How estracted. — 
Adipose Tissne. — Proportion of Fat in the Food. — Albuminous 
Matters, — Different kinds. — Coagnlation . — Ferments. —Putrefac- 
tion. — Proportion of Albuminous Matters in Food. — All the nutri- 
tiona substances necessarj to Ijfe. 

13. Natnre and Neceaaity of Food.— Under the term 
"food" are included all tliose substances, both solid and 
liquid, which are necessary for the nutrition of the hody. 
The constant action of the different organs in the liv- 
ing hody requires a regular supply of nourishment, by 
which their strength and activity may be maintained ; 
for these organs can not perform their allotted func- 
tions without undei^oing a corresponding waste of ma- 
terial, and this waste must be made good by an appro- 
priate supply, if the organs are to retain their powers, 
and the functions of life continue. 

The expenditure of material which thus takes place 
in the living body is not a simple physical disintrega- 
tion, as when the wheels and axles of a carriage wear 
out by mechanical friction ; it is a kind of internal de- 
composition, which pervades every part of the animal 
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frame, and which is very nearly proportionate in amount 
to the activity of the organs themBelyea, It is some- 
what like the consumption of water and fiiel by a loco- 
motive engine, the water and fuel being used up and con- 
verted into smoke and steam, in order to enable the ma- 
chine to do its work. Somewhat in a similar way the 
active flinctiona of the living body create a constant de- 
mand for nutritious food, which must be supplied with 
regularity iu order to preserve them in continued action. 

It IB important to know, therefore, what are the nec- 
essary ingredients of the food, how they are prepared 
and combined, and in what manner they are absorbed 
and consumed by the living body, 

14. InoiEftnio Substances. — In the first place, the food 
contains a large proportion of materials which are call- 
ed Inorganic Substances. They are substances which 
are found every where in external nature, and wliich 
form a portion of the rocks, earth, and running streams. 
It 18 on this account that they are termed inorganic 
substances, because they occur in unorganized bodies, 
and are not peculiar to animated beings. Tliey are 
found, however, also in the bodies of living animals, 
and therefore they must be present in similar propor- 
tions in the food, for it is from this source alone that 
all the materials of the animal frame are necessarily de- 
rived. 

The first and most abundant of these inorganic sub- 
stances is Wafer. Water is universally present in all 
the solids and fluids of the body. It is especially abun- 
dant in the blood and secretions, for it gives them their 
necessary fluidity, and enables them to dissolve all the 
important materials which they contain. 

But it is also an ingredient of the solid tissues; for 
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Sf we take a muscle or a cartilage, and expose it to a gen- 
tle heat in dry air, it loses water by evaporation, dimin- 
Bize and weight, and becomes dense and Etlfi*. 
Even the bones and teeth lose water by evaporation in 
this way, though in smaller quantity. In all these 
more solid parts of the body, the water which they con- 
tain is usefiil by giving them a certain degree of sott- 
and flexibility, which is necessary to their useful- 
ness. Thus a tendon, in its natural condition, is white, 
glistening, and opaque; and, though very strong, pen* 
fectly flexible. K its water be expelled by evapora- 
tion it becomes yellowish in color, shriveled, semi- 
transparent, inflexible, and totally unfit for performing 
its mechanical functions. The same thing is true of 
the skin, muscles, cartilages, and other soft parts. 

Tlie following list shows the proportion of water in 
different boMb and fluids : 

I QuiiwiTT OF Water in 1000 paiits in 



. 795 



Milk 

PanoreaCic juice... 

Lympli 

Gaatric Juice 

Perspiration 

Snliva 



According to the best calculations, water constitutes, 

the human subject, between two thii-ds and three 

larters of the entire weight of the body. 

Accordingly, water is also a very important element 

[of the food. We require every day nearly three pounds 

ind a half as drink, either in the form of pure water, or 

that of tea, coffee, milk, or other fluids. Beside this, 

lowever, the different kinds of solid food, such as bread. 
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meat, etc., all contain water as part of their substance; 
80 that, counting all that ia taken in both solid and liq- 
uid food, we find that the entire quantity of water con- 
sumed every day by a healthy adult is not less than 
about four pounds and a bal£ 

After being once introduced into the body and ab- 
sorbed by the tisaues, the water is again discharged; 
for its usefulness in the animal frame, like that of the 
other ingredients of the body, is not permanent, but 
temporary. It does its work while passing through 
the animal organism; and, having accomplished this 
purpose, it then makes its exit by various ways. A 
large proportion is discharged with the perspiration by 
the skin ; another quantity is exhaled from the lungs 
with the breath ; while the remainder is discharged by 
the kidneys. 

Another inorganic ingredient of the food ib common 
Salt. This substance exists in all parts of the body, 
though usually in much less abundance than the water ; 
and the animal frame, therefore, could not be properly 
nourished without it. It is found in the different solids 
and fluids in the following proportions : 

Afoscles 

Cartilages ... 
Milk 



In the blood it is more abnndant than all the other in- 
organic ingredients excepting water. 

Salt, accordingly, is not only a natural ingredient in 
most kinds of food, but we almost always take it in ad- 
dition, as a condiment, to increase the relish of many ar- 
ticles of diet. This desire for salt is instinctive, and in- 
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dicates the natural craving of the system for something 
which is essential to its organization. In many in- 
stances it mast be given also to the lower animals, in 
order to provide fiilly for their nourishraent. Farmers 
i stock-breeders, for this reason, habitually give it to 
Iwrses, cattle, and sheep; and experience has shown 
Qiat animals, when regnlarly supplied with a proper al- 
lowance of salt, are kept in much better condition than 
^hen they are fed only with hay, grain, and other veg- 
etable substances. 

■ Salt is also useful by exciting the action of the di- 
gestive secretions, and assisting in this way the solution 
of the food ; for food which ia tasteless, however nu- 
faritious its qualities may be, is taken with reluctance 
1 digested with difficulty, while the attractive fla- 
vor which is developed by cooking, and by the addition 
f salt and other proper condiments, eseites the Becre- 
tion of the saliva and the gastric juice, and therefore 
icilitates digestion. The salt, introduced in this man- 
ner, is afterward absorbed by the blood-vessels from the 
intestine, and is deposited in the different tissues of the 
body. It is finally discharged in the mucus, perspira^ 
tlon, and other secreted fluids. 

The moHt important mineral ingredient of the food, 

next to common salt, is lAme. We have already seen 

how abundant this substance is in the bones. It is also 

found in still larger quantity in the teeth. It exists 

beside, in smaller proportions, in all the other tissues 

t «nd flnids of the body. It occurs principally in the 

B&rm of two different combinations, called " phosphate 

B«f lime" and " carbonate of lime." The first of these 

tis usually the most abundant. Its proportion is show 

■In the following Hat : 
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10 I Gastricjuica 0.4 

la the blood, secretions, etc, the lime is in the liquid 
form, being dissolved by the watery parts of the animal 
fluids. In the bones, teeth, cartUages, and other firm 
tissnes, it is solid, and intimately united with the ani- 
mal matters of these parts. It is ueeful here by giving 
to the tissues their proper consistence and solidity. Li 
the enamel of the teeth, which ie almost entirely com- 
posed of phosphate and carbonate of lime, we have a 
substance capable of grinding down by mastication all 
Fie-s. the harder materials of the food, and of 

resisting unharmed the greatest amount 
of mechanical friction. In the remain- 
ing portion of the teeth, or "ivory," the 
lime is in smaller proportion, but still 
very abundant ; and in the bones it con- 
tinues to form more than one half the en- 
tire substance of the tissue. 

Its importance in communicating to 
the bones their natural stiffiiesB and con- 
sistency may easily be seen ffom the ef- 
fect produced by its removal. If any one 
of the long bones be soaked for a consid- 
erable time in a mixture of water and 
muriatic acid, the lime will be dissolved 
out, and the bone, which thus loses its 
boiic rigidity, may then be bent or twisted in 
iBTtaing any direction without breaking (Fig. 8). 
Mteadd. If the bones 01 tlie skeleton, therefore, 

were destitute of mineral ingredients, they would bend 
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he action of the muscles, and would be entirely 
>le of sHstaining the weight of the body. 
' IB contained, in sufficient quantity, in various 
bda of food, particularly in muECular flesh, in milk, 
a the vegetable grains. 

3 Other inorganic eubetances existing in the food 
i combinations of Soda, I'olaah, Magnesia, and Iron. 
They, are in much smaller quantity than those already 
mentioned, but serve by their presence, though in mi- 
I nute proportion, to complete the constitution of the 
^Kibod, and provide for all the mineral ingredients ncces- 
^nary to the formation of the tissues, 
^f The inorganic substanccB, as a general rule, do not un- 
dergo any ohemical change or decomposition in the in- 
terior of the body. Tbey are absorbed with the food, 
and fono, for a time, a part of the animal tissues ; af^er 
which they are again discharged with the secretions, 
and replaced, in turn, by a fresh supply of similar ma- 
terials. Nevertheless, they are absolutely indispenaa- 
^e to the proper nourishment of the body ; and if the 
wd were entirely deprived of mineral ingredients, the 
^atem would soon become seriously disordered and 
jreakened by their absence. 

. Starch. — The next important ingredient of the 
)od ia Starch. 

I This substance is familiar to all in the form of a light 
irbite powder, which is used for various purposes in the 
^trts and in manufactures. When it is rubbed between 
the fingers it gives a peculiar crackling sensation to the 
touch, by which it can almost always be recognized. 

I But it is mnch more certainly distinguished by its ap- 
pearance when examined under the microscope. It is 
Ihen seen to be composed of minute solid grains, which 
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are too Bmall to "be seen by the naked eye, but which 
have a very peculiar appearance when magnified. Dif- 
ferent kinds of starch can be distinguiahed from each 
other by the size and aspect 
of their grains. In potato 
starch, for example (Fig. 9), 
the grams vary in size &om 
-nrW to T^TT of an inch in 
diameter They are irregu- 
larly pear gbaped in form, 
and are marked by fine con- 
centnt, hnes, aa if the sab- 
! of the starch -grain 
had been dtpoaitedin layers. 
At one spot on the surface of each there is a minute 
point, and the circular lines are arranged round this 
point as a centre. 

In wheat starch (Fig. 10) 
the grains are not so large 
as in that from the potata 
They vary from Yzhm *o 
"riir of an inch in diameter. 
They are also nearly drou- 
lar in shape, but do not 
show any distinct concen- 
tric lines. Many of them 
are compressed or flattened 
scanhEmiiiBorwheat flour. from side to side, so that 
they present a broad surface in one direction, and a 
larrow edge in the other. 

The starch grains of Indian corn (Kg. 11) are of 
nearly the same size with those of wheat flour ; but 
they are usually more angular and irregular in form, 
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and are often marked witli 

crossiiig or radiating linee, 
aa ii' they had been par- 
tially broken by pressure. 

Now all the starch which 
is used for food, for the arts, 
or in manufaotures, is ob- 
taiiied ft'om plants. It is 
not an inorganic substance, 
therefore, like water, salt, 

starch erifna of Indiui com. or lime, but is a product of 

^ vegetable growth. Its minute grains are found packed 
away in the tissues of the plants, among their fibres, 
and in the interior of vegetable cells ; and are accumu- 
lated in various quantities in their tuberous roots, in 
the pith of their stems, or in their seeds and fruit. It 

I forms at least one seventh of the whole substance of 

[ the potato, about one third of jreas and beans, over one 
half of wheat, rye, and oats, and at least three quarters 
of rice and Indian com. Arrow-root is nothing but the 
starch from the tuberous roots of a West Indian plant; 
Tapioca is starch from the root of another plant, also 

I from the West Indies ; and Sago is nearly pure starch 

I from the pith of various kinds of palms. 

The exact quantity of starch in the more ordinary 
ticlea of food is shown in the following list: 

QCABimr or Stahch is 100 paeth im 

Wheat flonr 72.00 

Iceland moaa 14.60 

EidDejr-bean S5.94 

Peas 33.45 

Potato 1.^70 

I It is obtained in a pure form by grinding up some 
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vegetable matter which contains it in abundance, and 
mixing it with cold water. The water is then strained 
and allowed to stand, when the starch after a time set- 
tles to the bottom, and is Unally dried and powdered. 

Starch ia not affected by cold water ; but if it be 
boUed for a short time, its grains swell np, become 
transparent, absorb a large qnantity of water, and at 
last melt away into a thin, grayiah-looking fluid. Wben 
this fluid ia allowed to cool, it sets or stiffens into a 
kind of pasty mass, which is quite solid if the starch 
have been used in large quantity. But after this coot 
ing process the separate grains are no longer to be dig- 
tinguished, and the whole is clianged into a uniform 
homogeneous material, because the water has been per- 
manently absorbed by the starch, and is therefore re- 
taiacd in combination with its substance. 

Another very curious fact about starch is that by 
various means it may be entirely altered in its qnal> 
ties and converted into sugar. 

One mode of accomplishing this singular transforma- 
tion is the following: If starch be mingled with a very 
thin watery solution containing an acid, and boiled for 
a short time, it soon loses its grayish color, and becomes 
quite clear and transparent; and if the boiling be con- 
tinned for a longer period, all the starch finally disap- 
pears, and the solution is then found to have a sweet 
taste and to contain sugar. The starch,infact,has been 
consumed or altered, and sugar has taken its place. 

Some animal and vegetable substances have the pow- 
er of causing the same change. Thus, if a little saliva 
from the mouth be mixed with a solution of starch and 
then kept in a warm place, after a time the starch will 
be found to have disappeared and sugar to have been 
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produced inBtead. Sometliing of this kind ha}ipenH in 
certain vegetable tiasueB, especially in seeds during the 
first process of their growth or " germination," when a 
part of the starch which has been stored up in their 
enbstancc becomes changed spontaneously into sugar. 

We shall also find hereafter that the starch which is 
taken with the food is entirely changed in tho process 
of digestion. None of it, therefore, is to be found after- 
ward in any of the circulating fluids or secretions of 
the body. 

16. Sugar. — The nest ingredient of the food is Sugar, 
which, as we have already seen, Is closely related to 
starch. Sugar la always readily distinguished by its 
Bweet taste, a character which forms its most attract- 
ive quality. It is found in many animal and vegetable 
juices, being obtained principally from the juices of the 
■ Bttgar^iane, the rock maple, and the beet root ; but of 
^P these, the sugar-cane supplies much the largest quaoti- 
^K ty. In its natural condition the sugar is dissolved in 
^M the vegetable fluids, where it is mingled with many 
^B' other diflbrent substances. 
^1 It is extracted in the following manner: 
^B The vegetable juices are first collected by crushing 
^Kthe fresh sugar-canes between iron rollers. The fluids 
^V obtained in this way are then heated with a solution of 
lime, which causes many of their impurities to separate 
and rise in a kind of scum upon the surface. This is 
carefully removed, and the purified juice is then boiled 
until the sugar solidifies as a brownish colored 
inular deposit. This brown sugar is again dissolved 
' farther separated from its impurities by boiling and 
'tsrystallizing, until it is at last obtained in a pure, white, 
I granular crystalline mass. 
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Seet^oot ntgoTy which is mannfacttired very extcn- 
nvelj in Fmnee, ia prepared from the jnicee of the beet 
by a similar process to that just de»9nbed, and U very 
pore, white, utd crystalline in appearance. 

Mi^iie sugar is prepared from the sap of the maple- 
tree, which nins freely, in the eariy part of the spring, 
from pDiictiires made in the wood, and which is after- 
ward boiled down imtll the sagar eoUdifiea. This sag- 
ar, however, can not be completely porified, and there- 
fore remains comparativelT moist and brownish in color, 

JVbfoseej b the aweet residne of the regetable jmces 
which can not be crystallized, and which also contains, 
mingled with it, various Savoring and coloring matters, 
which impart to it a pecnliar taste. 

Sngar also exists in considerable quantity in milk , in 
honey, and in all the sweetly-flavored frnits and vege- 
tables, snch as apples, pears, grapes, coni, fiour, etc. 
The following list shows the quantity which 13 contain- 
ed in various articles of food : 

QdunnT OF Stoab » lOO paxtb is 




m»« floor 


6.40 










Ctow-. Bulk. 


4.77 







Om of the most remarkable properties of sugar is 
ikat It ia eatable oif being decomposed in a peculiar 
DMoncr, and ooorerted into other ■enhstjutcoe by Fer- 
wtKtatiotL Framoitation sometimes takes place spon- 
tMaetmij, a warm weather, in molasses, honey, and 
(4&er liquids contaiuing sugar; when they swell op, be- 
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I come frothy, and acquire a different taste and odor. It 
s also produced artificially for the parpoee of manufac- 
1 taring wines and spirituous liquors. This process will 
be more fully explained hereaiYer. 

The sugar which is taken with the food is destroyed, 
like starch, in the interior of the body, and, excepting 
that coDtained in the milk, is never discharged during 
health with the secreted fluids. 

n. Fats, or Oleaginous Substances. — The food also 
contains a considerable quantity of I^t» or Oleaginous 
substances. The fats are obtained from both animal 
and vegetable tissues. They are exceedingly valuable, 
not only as articles of food, but also for frequent use in 
, the arts and manufactures. 

We can readily distinguish fats and oleaginous mat- 

[ ters by their appearance to the eye, by their unctuous 

feel, and especially by their "lubricating" property, on 

account of which they are extensively used to facilitate 

the action of machinery, and prevent its being injured 

by friction. Kow if any of these fats or oils be closely 

examined, they are usually found to contain, mingled 

together, three different oleaginous substances, which 

are known by the names of SCearine, Margarine, and 

Oleine, These substances resemble each other very 

closely in most respects, but are principally distingulsh- 

L ed by their consistency. Stearine is the most solid suh- 

L -stance of the three, margarine rather less so, and oleine 

I is the most fluid. In their natural condition they are 

I usually mingled with each other in the animal and vcg- 

I Gtable tissues in different quantities. When the niix- 

I ture contains a larger proportion of stearine or marga- 

le, it is more firm in consistency, like the various kinds 

of "fet," such as lard, tallow, wax, butter, etc.; and 

C2 
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when it contains a greater abandancc of oleine it is 
more liqiiiii, and we therefore call it an " oil." 

But when these eubstances are completely separated 
from each other and purified, the difference in their con- 
tiKUatcj is very marked. Thus stearine is often made 
lip by itself into candles, and remains perfectly solid 
rintii mclt«d by the heat of the burning wick. On the 
other hand, olive oil, which consists mostly of oleine, is 
'juite liquid at all ordinary temperatures. 

Ocncrally speaking, however, these mixtures of the 
ok-ft^inouH Hubstances in the human body arc fluid, or 
nvarly »o, during life ; for the margarine and stearine 
which they contain arc dissolved in the oleine by the 
wurrnth of the living body. But after death, when the 
hinly cooU, the stearine and margarine sometimes sep- 
anUs from the mixture in a crystalline form, smce the 
olffioe can nO longer retain in solution so large a quan- 
tKy M It had di^Holved while warm. 

Pi^ ,5_ The oleaginous substan- 

ces crystallize in very slen- 
der needlcB, which are al- 
ways more or less radia- 
ted, sometimes straight, 
and sometimes curved and 
wavy in their outline. 
Tliey frequently have a 
very elegantly branched or 
arborescent arrangement 
(Fig. 12). 

When they are in a fluid 
Mtatit, tlie oleaginous matters show themselves under the 
form of rounded drops or globules, which vary exceed- 
iiiffly in sistc, but which may bo easily recognized by 
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their appearance under the 
microscope. They have a 
faint amber color, and a 
very sharp, well-defined 
outline, ebowing a brilliant 
centre aurroimded by a dark 
border. In Figure 1 3 these 
fluid oil-drops are eeen min- 
gled with radiating crystals 
of the more solid fat. 
''ter SJS^'CEn^CT^Sl: 0"« "f the moat import- 
lizodi oioinefloid. aut characters of oil, and of 

all oleaginoas matters, is that they wilt not dissolve in 
water, nor remain in any way intimately mingled with 
it, so that it is even proverbial that " oil and water will 
not mix." For if the two liquids be violently shaken 
Tip_ together in a bottle bo as to mingle them as thor- 
oughly OS possible by mechanical agitation, as soon as 
the mi store is allowed to remain at rest the oil at once 
begins to separate from the water, and, being lighter, 
rises to the snrface; and after a short time all the oil 
■will be collected by itself at the top, and all the water 
will remain by itself at the bottom. So strong is the 
repnlsion between these two liquids in their natural 
condition. 

But it is very different when certain other substances 
are added at the same time ; for if some alkaline eub- 
Btance, such as potash or soda, be first dissolved in the 
vater, and the oil then gently shaken up with it, it im- 
mediately becomes separated into very fine particles, 
and uniformly disseminated through the whole mix- 
tare. The oil is no longer liable to separate from the 
■watery parts, even when left at rest, but the whole re- 
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mains as a uniform, white, opaqne, milky-looking fluid. 
Such a mixture of oily granules uniformly suspended in 
& watery liquid is termed an Emvhion. 

The same effect may be produced ty some of the an- 
imal matters ; for if we take a iresh wMte of egg m its 
fluid condition, and shake it up thoroughly with a lit- 
tle oil, the whole becomes white and turbid, and re- 
mains permanently in the state of an emulsion. This 
property is often found useful in reducing oily sub- 
stancuB to a state of minute subdivision. 

The oleaginous matters esist in the animal and vege- 
table tissues under a peculiar form. For while they are 
always mutually dissolved and united with each other, 
as we have already seen, they do not dissolve in water, 
nor do they combine with other substances, such as 
salt, starch, or sugar. On the contrary, they are depos- 
ited separately in drops and granules in the interBtices 
of the fibres, or in little cavities which are intended for 
their reception. Even in the animal fluids and secre- 
tions, such as milk, they are not dissolved in the watery 
parts, but are suspended in them in the condition of mi- 
nute granules, forming an emolsion, as above described. 

Owing to this fact, the oils can be easily extracted 
from the organised tissues, for the most part, by simple 
mechanical means. The animal or vegetable tissues con- 
taining them are merely cut into small pieces, and then 
subjected to pressure, by which the oil is forced out 
from the parts in which it was entangled, and collected 
in a state of purity. Sometimes the operation is assist- 
ed by heating the substances, and thus making the oily 
matters more liquid; and sometimes they are boiled 
with water, when the oils rise to the top, and may be 
skimmed off by themselves, No chemical change or 
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decompoaition, therefore, is required, but tho oils are 
Bimply separated mechauically from the parts with 
which they were naturally entangled. 

The tissue in which the oleaginous matters are moat 
abundantly found in the animal body is called tho 
"Fat," or the "Adipose tissne." It consiste of a great 
Fiff. 14. number of little sacs or vesi- 

cles, oftch one composed of a 
thin transparent membrane 
forming a closed cavity, in 
which the oily matter is 
contained (Fig. 14). These 
vesicles are associated to- 
gether into masses or lob- 
ules, surrounded by cellular 
tissue, and supplied with 
HmuBD adipuK tissue. blood ■ vessels and nerves. 

Neither the blood-vessels nor the nerves, however, are 
very abundant ; so that the adipose tissue is not very 
sensitive, nor does it bleed freely when wounded. It 
acts as a soft and delicate cushion, placed underneath 
the skin to protect the neighboring parts from injury ; 
and it also serves to retain the wAmth of the internal 
organs, and prevents its being too rapidly dissipated. 
Consequently, those persons who are well provided with 
fat are much less readily chilled by exposure to cold 
than those who are thin and emaciated. 

In some of the internal organs oily matters are de- 
posited in their tissue in the form of drops and glob- 
ules. Thus, in the glandular cells of the liver (Fig. IS), 
oil is always found in more or less abundance, forming 
a natural part of their constitution. It is also found 
in the cartilages of the ribs, and in some other sitna- 
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tions; but always in separate globidoB and granules, 
which may readily be distinguished by their appear- 
ance under the microscope. 
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In the milk, which is a kind of natural emulsion, the 
oily matters also exist in the form of little masses or 
globules, called the "milk globules" (Fig. IB). They 
constitute the Jiiitter of the milk, which, in its natural 
condition, is suspended in the watery liquid, and gives 
it its white and opaque appearance. By churning, 
these globules may bo separated from the other ingre- 
dients of the milk, and collected into a uniform mass. 

Oleaginous matters are taken in large quantity with 
the food, mostly in butter, in milk, in tho fat of meat, 
and in some vegetable substances, such as oliye oil, etc. 
The following list shows the proportion of oily matters 
in various kinds of food ; 

Qdabtitt of Fa 

fllbertt 60.00 

Cocoanuta 47,00 

OUres - 82.00 

Tglkof egga 38.00 

Indian corn S.OO 



IN 100 PARTS IN 

Ordimuy neat 14.30 

Liver of the os 3.89 

Cow'b milk 3.13 

Human milk....... 3.65 

Goat's milk 3.S2 
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The fat which is taken with the food disappears for 
the most part in the interior of the body, like starch 
and sugar. A very little is secreted by certain glands 
I the skin and about the roots of the hair, which 
^rres to keep these parts soft and pliable. But this 
forms only a small portion of the whole; the greater 
part of the oleaginous matters, except what is stored 
away in the adipose tissue, being used up and consumed 
for the nutrition of the body. 

18. Albuminons HatteiB. — The last class of Bubstan- 
ces contained in the food are the Albuminous matters. 
These substances are peculiar in many respects, and 
very important ; for of all the solid ingredients of the 
body, they constitute considerably the largest part of 
its mass. They are not composed of grains, like starch, 
nor are they ever crystalline in form, like sugar and 
fat ; but, even when solid, they are smooth and uniform 
in texture. They have also a peculiar consistency, 
wHoh combines in a remarkable degree the two quali- 
ties of softness and solidity. We may form an idea 
of this peculiar consistency by feeling of any of the in- 
ternal organs, such as the liver or heart of an ox, or a 
piece of muscular flesh. These organs are firm enough 
to retain tbeir form and texture, and yet they are soft 
to the touch. They have these qualities because they 
are composed in so large a proportion of the albumi- 
nous matters. 

The albuminous matters are derived both from ani- 
mal and vegetable sources, but they are most abundant, 
as a general rule, in animal substances. It is for this 
reason that animal food is, for the most part, richer 
and more nutritious than that which is composed of 
-vegetables. 
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Tbe albuminouB matters are of varions kinds, some 
of them being liquid in their natural condition, some of 
them solid, and some of them having a consistency in- 
termediate between the two. That which is most fa- 
miliar to us, and which has given its name to the whole 
class, is Albumen, which is the principal ingredient in 
the white of egg. Another kind of albumen is also 
found in the blood, and is tbe most abundant of its ani- 
mal ingredients. Fibrine is also found in the blood, 
though in smaller quantity than albumen. Caseifie is 
the albuminous substance of milk, and when solidified 
forms the principal ingredient of cheese. Glvien. is the 
albuminous matter of wheat flour, and is an important 
element in the making of bread. 

There are other albuminous siihstances found in va- 
Tious kinds of food and the different parts of the body ; 
but those which we have already mentioned are the 
most familiarly known, and will serve to represent the 
peculiarities of the entire class. 

One of these peculiarities is the property of Coagu- 
lation, The albuminous matters which are naturally 
liquid may be suddenly solidified in varions ways, after 
which they are said to be " coagulated." Some of them 
may be coagulated by one method, others by a differ- 
ent one; and we may often distinguish one albuminous 
substance from another by the particular method re- 
quired for its coagulation. 

Thus white of egg, in its natural state, is transparent, 
of a light amber color, and very nearly liquid ; but if 
it be heated to the temperature of boiling water, it co- 
agulates, and becomes solid, white, and opaque. 

Milk, on the other hand, may be boiled without coag- 
ulating; but if a little acid be added to it, such as vin- 
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egar or lemon-jaice, its caaeine at ooce solidifioB, aDd it 
assumes the coagulated form. 

The fibrine of the blood, again, coagulates without 
either boiling or the adclition of an acid. If a little 
blood be drawn from the veins and received into a cup, 
it becomes clotted in a few moments by a epontaueoua 
change wMch takes place in its own substance. 

Nothing similar to this property of coagulation be- 
longs to any other than the albuminous substances. 

Another peculiarity of the albuminous matters is 
that they become Ferments. This property is so im- 
portant that it will require a particular description. 
A "ferment" is a material which, on being added in 
small quantity to other subatancea, causes in them a re- 
markable change and decomposition, often accompamed 
by the production of bubbles of gas and the formation 
of entirelynewingrcdients. This change is called" fer- 
mentation." Thus, if a little yoaat be added to a mix- 
ture of floor and water, and the whole kept in a warm 
place, the influence of the yeast disseminates itself 
throughout the whole, and causes the entire mass to 
ferment. If milk be allowed to remain two or three 
days in a warm place, the easeine is partially altered, 
and then becomes a ferment, which changes the sugar 
of the milk into an acid substance called " lactic acid;" 
when the acid thus produced reacts upon the rest of 
the easeine and coagulates it, as any other acid would 
do. This is the manner in which the ordinary souring 
and curdling of milk takes place. The souring of the 
milk is caused by the change or decomposition of the 
sugar of the milk, and the curdling or coagulation is 
caused by its acidity. 

Now a "ferment" is always composed of an albnmi- 
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nous substance. This substance may not be perfecliy 
fresh ; indeed, it is very often the case that the ferments 
most in use are albuminous matters which are them- 
eelves beginning to sutfer decomposition. But when 
the ferment is introduced, in ever so small a quantity, 
into another mixture, it seems to act by contagion, and 
excites by its mere presence an extensive change, which 
often pervades the entire mass. 

A ferment always requirea for its action two things: 
first, the presence of moisture ; and, secondly, a mod- 
erately warm temperature, between the two extremes 
of heat and cold. None of the ferments, therefore, will 
act if they are perfectly dry, and they are also inactive 
60 long as tbey are kept at a freezing temperature; 
but if supplied with moisture, they begin to act when 
the temperature rises, and become more energetic as 
' the warmth increases. Their activity is usually greatr 
est about the temperature of the living body, or 100 de- 
grees Fahrenheit. Above this point they again become 
less active, and cease altogether when the temperature 
approaches that of boiling water. 

Lastly, the albuminous matters are the only ones 
liable to PiOrefaction, This is a peculiar kind of de- 
composition, which resembles, in many respects, that 
of fermentation. For example, one substance which is 
already partially decomposed will excite putrefaction 
in others of the same kind more quickly than if they 
were left to themselves ; and decayed fruit, as it ia 
well known, will rapidly contaminate soimd fruit of the 
same kind, if left in contact with it. But still all sub- 
stances of an albuminous nature, if exposed to the air 
and moisture at warm temperatures, will after a time 
become putrefied ; that is, they decompose and liquefy. 
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with the production of a variety of gasos, of a pecul- 
iarly disagreeable odor, which are called "putrefactive 
gases." Thus, whenever we perceive the odor of putre- 
faction, we know that some substance composed of al- 
buminous matter is undergoing decomposition. 

Like fermentation, patrefaction will not take place 
'without moisture ; for meat or vegetable matters, if 
thoroughly dried, will keep unchanged for an indefinite 
period. Neither will it go on at a low temperature; 
and dead substances kept at the freezing point will not 
putrefy. The most complete preservation takes place 
when the two conditions of cold and dryness are com- 
bined. At the Hospice of the Great St. Bernard, in 
Switzerland, 9000 feet above the level of the sea, the 
bodies of travelers found frozen in the snow are some- 
times preserved for over twenty years. For, while still 
at a freezing temperature, they become thoroughly 
dried; and though after a long time they slowly crum- 
ble and become disintegrated, there is no putrefaction, 
nor any evolution of putrefactive gases. 

Finally, animal substances are also incapable of pu- 
trefaction at a very high temperature. Meat which 
has once been boiled changes much less rapidly than 
if exposed to the air when fresh ; and if kept at the 
temperature of 300 or 300 degrees Fahrenheit, either 
dries up altogether, or suffers a change entirely different 
from putrefaction. 

■ The following list shows the proportion of albumi- 
nous matter in various kinds of food: 

QcANTiTT OP Albuminocb Matteii ut 100 pahtb rs 

I Muscular flesh 22,00 I Whcatfloiir. 7.30 

f White of egg Ifi.28 Oatmeal *.30 

Tolkofe^ 12.75 I Mnk... 



Albuminoas matters, like Btarch, sugar, and oil, are 
almost entirely consumed and altered in the process of 
nutrition, only a small portion of them being discharged 
with tlie perspiration and other secreted fluids. By far 
the greater part disappears in the interior of the body. 

19. Necessity foi all these Substanoes in the Food. — 
From what has already been said, it will easily be un- 
derstood that the food mitsi contain, in so7ne form, or 
other, all the different classes of substances above enu- 
merated. Food, from which either one of the sub- 
atances necessary to nutrition is absent, although it 
may be nutritious for a time, will certainly fail, sooner 
or later, to keep np the proper organization of the 
body, and its deficiency will be inevitably felt. This 
is true even of the inorganic substances. A man might 
be starved to death by keeping him on food which con- 
tains no limo or no salt ; that is, after a time he would 
become so feeble that slight causes would be sufficient 
to produce a fatal result. This would not happen so 
soon aa if he were deprived of the more nutritious mat^ 
ters, because they are required in larger quantity. But 
it would certainly take place at last ; for the mineral in- 
gredients of the body, though small in amount, are still 
indispensable to health. We have already seen that 
they are usually present in sufficient quantity in tho 
substances used aa food. 

Neither will any of the proper ingredients of the food 
be sufficient by themselves. The experiment has been 
tried of feeding animals upon food containing only 
starch and sugar; and although such food is consumed 
with relisli for a time, the animals soon become feeble 
and emaciated, and finally die of imperfect nutrition. 
In some instances this experiment has been tried by 
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medical men upon themselves, who have always found 
their health to suflfer after a few days of such diet, and 
who have never been able to continue it indefinitely, 
owing to increasing debility and general diBtnrbance 
of the system. 

A diet exclusively composed of fatty sobstances ie 
equally incapable of supporting life. This has been 
, tried at various times on quadrupeds and birds ; and it 
I has been foond that after a short time, usually about 
I three weeks, these animals, though abundantly fed witli 
1 iat, die with all the symptoms of iii an it ion. 

Lastly, the same thing is true even of the albumi- 
nous matters. These substances are usually consider- 
ed more nutritions than the others. But this is only 
because they are required in greater quantity than the 
rest, since they form so large a proportion of the animal 
. tissues. The albuminons matters, if taten alone, are no 
I more capable of supporting life indefinitely than starch, 
1 sugar, or oil ; and animals, when fed on pure fibrine or 
I pure albumen, become emaciated and at last die of in- 
1 anition, as in the cases mentioned above. 

All these substances, therefore, must be combined, in 
I order to make the food which contains them capable 
' of sastainirig life. 

Now it is found that every article of food which has 
been universally reeognizedbythe instinct of man as es- 
pecially valuable, does in reality contain these difierent 
ingredients, viz., Ist, water and mineral substances; 2d, 

i oleaginous or starchy materials, or both ; and, 3d, some 
form of albuminous matter. This will be distinctly 
shown when we come to examine more particularly the 
different kinds of alimentary substances. 
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QUESTIONS FOR CHAPTEB IL 

1. Whal is the definition of "food?" 

2. Wliat is the food ioteaded to supply ? 

3. Whrit are the "inorganic saTistimccs ?" 
i. Which is tliB most abnadant of Che inorganic iogrsdients of Ae' 

food? 

6. What partB of the bodj contain water T 

6. What is the I13B of water in the animal Hnida ? In the solids ? 

7. What proportion of the whole bodj coneiats of water? 

8. How much water is consumed per day by a healthy adult? 

9. Doen the water remain in the l>ody, or ia it again dischai^cd 
from the system? 

10. By what channels is the wafer discharged titnn the body? 

11. What ia the next most important inorganic jngredieut? 

12. In what animal fluid is salt most abundant? 

13. Why ia salt uacful ns an article of food? 

14. In what organs of the body is lime most abimdaot? 

IIS. What e&ect ia produced on the bones by depriving them of 
their lime? 

16. In what articles of food is lime contained ? 

17. What are the other inorgautc ingredients of the body and the 
food? 

18. Are Ihey decomposed in the body, or discharged with the se- 

13. What is the physical appearance of starch f 

20. From what sources is it obtained ? 

21. What kinds of food contain the largest quantities of starch? 

22. What is the mode of obtaining starch from vegetables? 

23. What is the effect of boiling starch with water? 

21. Is starch discharged agniu with the se<!rDtions, or decomposed 
within the hody ? 

25. How may starch be converted into sagart 

26. What is the (■haractoriatie property of sugar ? 

27. From what Hoarcea is sogar obtained? 

25. What is the process of extracting sugar from cane-juice ? 
From the beet-root ? From the raaple-tree ? 

29. What is mofaMesr 

30. What other articles of food contain sugar? 

81. Is the sugar discharged with the eecretiona, or decomjioseJ 
within the bodv ? 
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32. How are tha/ats or c 

33. Whul are the cbreo ti 

34. How do they differ from eacb otlier ? 
36, What is the appearanco of their crvBlals ? 
36. What is the appearaoce of fluid oil-drops 7 
37- Can oil be dissulred in water? 

88. What happens if you shake np oil and water together ? 

39. What is an emtiisumt 

40. What substances will convert oil into an emulsion 7 

41. How <lo the fata eiiiBt in the interior of the body? United 
with the other ingredienta, or separate? 

42. How can fats be extracted from animal aod regetable tissues 7 

43. In what tiesues of Ilio body are the oleagiuous matters most 
Abundant? 

44. What is the etmcture of fat, or adipose tissue ? 
46, What is its use in the aimniU body 7 

46. What is the appearance of the oleaginous matters in milk ? 

47. Whatotherkindsoffbodcontainfat? 

48. Is fitt discharged with the secretions, or decomposed within the 



49. What is the last class of ingredients of the body and the food 7 
GO. What is the pecidiar consistency of the albuminous matters 7 
61. Are the albuminons matters more abundant in anlciBl or in 
T^etable food ? 

G3. What are the four principal kinds of albuminous matters, and 

here are they found 7 

G8. What is the process of coagulation ? 

54. How can Blbumen he coBgulatod 7 HowcaseineP UowHbriue? 

fi5. Whatisa/ermcnif 

66- What is the process of the souring of milk ? 

67. At what temperature does fermenlatiou lake place ? 

58. What is putrefaction ? 

69. Is putrefaction communicated from one subslanco Co another 7 

60. How may putrefaction be preTaafed? 

61. What kinds of food contain the greatest abimdance of albumi- 
nous matters ? 

62. Are the albuminous matters discharged from llie body, o 
composed in the animal system ? 

63. Can life be sustained upon starch or sugar alone ? Upon fat 
alone? Upon albuminous matter alone? 

64. Does the natural food contain oU these diffai«tu. va^KditiaMt 
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CHAPTER m. 



THE DIFPEREST KINDS OP FOOD, AND THEIE MODE 0» 

PEEPAEATION. 

Meat — its CompoBtion. — Effect of Cooking. — Eggs. — Composidon 

of the WMtc and Tolk.— Milk— ita CompoBilion,— Baiter— 

obiaiaed. — Cheese — its Preparation. — Bread — how mad 

Teast.— ^Fermentation of Bread. — Baking. — Wine — its Ferment*^ 

tion.^ — Bear. — Vegetables. — Effect of Cooking on Vegetables. — > 

Esacniial Qaalitiea of Food. — Hocassary Qnantilj. . 

20, Heat. — Meat eonaista of the muscular flesh of 

various animals, mingled with more or leas of fat oi 

adipose tissue. Of all the different varieties, beef ii 

undoubtedly the most valuable and the most extea 

sively used. Mutton and venison hold the next plaoe^ 

then the flesh of fowls, the various kinds of game birdA 

and, lastly, fish. 

In ordinary moat we have the albuminous substanofi ^ 
of the muscular fibres and cellular tissue, and the ole^ j 
aginous matter of the fat, in about the following pro 
portions ; 

CoMPOsnioH OF OEniNAitY BiTTCHBB'a Ubat, 
(Water 



Muscular parts „. 

Fat, cellukr tissue, ot£... 



5.70 



. 22.21 



The preparation of meat for food consista in esposingl 
it to a high temperature, usually by roasting or boiling^, j 
In roasting, the meat is simply cooked in its own juiccB j] 
in boiling, it is cooked by the aid of the boiling waterS 
The effect of the heat thus applied is as follows: 
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First, the albumen which is present in the muscular 
■ tifiBue is coagulated, and the muscular fibres therefore 
■'become rather firmer and more consistent than in the 
r&esb meat. 

Secondly, the cellular tissue between the muscular 
fibres is softened and gelatinized, so that the fibres are 
more easily separated from each other, and the whole 
mass becomes more tender and easily digestible ; and, 
thirdly, the high temperature develops In the albumi- 
^^ nous ingredients of the meat a peculiar and attractive 
^Kfiavor, which they did not poseeBS before, and which 
^Bexcites in a healthy manner the digestive secretions, 
^Btfaus serving not only to please the taste, but also to 
^BsBsist in the digestion of the (bod. Raw meat, accord- 
^Vingly, is usually insipid and unattractive. It is only 
H^ after it has been subjected to a certain amount of cook- 
ing that the desired flavor makes its appearance, by 
which the appetite is stimulated, and the nutritious 
qualities of the food consequently improved, 
^L The preparation of meat in cooking should be care- 
^V fiilly managed, bo as to accomplish the results above 
H^ described. For if the heat be insufficient, the proper 
Savor will not be developed ; and if it be excessive, 
the meat, instead of being cooked, will be burned and 
decomposed, and thus rendered useless for the purposes 
of nutrition. 

21. EggB. — Eggs coDBist of the " white," which is al- 
most entirely composed of albumen and mineral ingre- 
dients j and the " yolk," in which a large proportion of 
oleaginous substance in a granular form is mingled 
with the albuminous matter, giviug it an opaque yel- 
Llow color. The exact composition of the two parts is 

T) 
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When oggs are boiled or otherwiae cooked, the albu- 
men, of course, ia coaguhited, and becomes white and 
opaque. The yolk also becomes firmer than before, but 
Btill remains less solid than the white, owing to the 
large proportion of oily matter mingled with it. 

22. Milk.— Milk, which is the first food of the infant, 
represents more tully than any other single substance 
a complete collcctiou of all the alimentary materials. 
It contains water; a full supply of mineral ingredientB; 
caseine, which Is its albuminous substance ; the milk 
globules, which are oleaginous, and held in suspension; 
and sugar, which is disBolved in the watery parts. The 
proportion of these substances ia as follows : 

CoMPOBinoN OF Cowh' Milk. * 

Water 87.02 i SagnrofMllk 4.77 

Caaeinc 4.4S Mineral ingredients *. 0.60 

Bntter 3.13 | lOO.OO 

The Butter of the milk, as we have already seen, is in 
the form of minute globules. The whole mixture is an 
"emulsion," in which the oleaginous matter is held in 
suspension, and disseminated through the watery fluid 
by the action of the albuminous caseine. The milk glob- 
ules are not perfectly fluid like <fil, but have a pasty or 
fiemi-Bolid consistency. Accordingly, they can be col- 
lected and separated from the other ingredients in the 
folTO of butter. 
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For this purpose the fresh milk is placet! in shallow 
pans, and altowod to remain undisturbed for twetity- 
four hours. During this time the surplus quantity of 
the milk globules rise to the top, owing to their being 
lighter than the watery parts, and collect in a thick, 
densely white layer upon the surface: This upper layer 
of fluid, which is richer than the rest in milk globules, 
is the " cream." When a sufficient quantity of cream 
has been collected, it is removed and placed in churns, 
where it is subjected to continuous beating with wood- 
en ladles. By this process the milk globules are beaten 
together and made to cohere into a uuifonn, consistent, 
I yellowish mass. This mass is the butter. 

The butter, however, when obtained in this way, still 
retains entangled with it some of the watery portions 
■of the milk containing caseine, sugar, etc., in solution. 
■ These must be carefully removed; for if the caaeine bo 
r allowed to remain, it soon begins to be altered, acts as 
f a ferment, and then produces a change in the butter by 
I which it becomes rancid. To guard against this, the 
i'bntter is thoroughly worked over, and the liquid im- 
ftpurities washed out or absorbed by appropriate means, 
I nntil l^hcy are entirely removed. 

When the butter is completely purified in this way, 
Kit has the following composition : 

COHFOSITION OF THE BdTTER OV CoWs' MiLK. 

Margarine G8 

Oleine 80 

Bulyrine 2 



The last of these ingredients, the "butyrine," is the 
f substance which gives to the butter of cows' milk its 
L peculiar flavor. 
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Cheese is composed principally of the solidified albn- 
minous matter of the milk, or " caseiDe." Caseine, as 
Ve have seen, may be coagulated by any acid sab- 
stance; but the material usually employed for this 
purpose is derived from the fourth stomach of the calfl 
The juices of this -Btomach contain a substance which 
will be more fully described hereafter, and which has 
the property of coagulating milk in a very gentle and 
uniform manner. When the calf has been fed with 
milk, the stomach is takeu out, cut into strips, and 
dried for future use. The whole mass thus contains 
the coagulating principle dissemuiated through its sub- 
stance, and is then called " rennet." 

When a little rennet, previously softened in water, is 
added to fresh milk, it produces a coagulation of its 
caseine. The coagulated mass is then subjected to 
strong pressure, by which the watery parts of the milk 
are driven out, and the whole reduced to the consisten- 
cy of cheese. A considerable portion of the butter of 
the milk still remains entangled with the caseine, and 
communicates to it a rich flavor and a yellowish color. 
The very gradual change which the caseine undergoes 
on exposure to the air produces also a certain alteration 
in the buttery ingredients, by which the cheese, after 
being kept for a time, usually assumes a sharper and 
rather aromatic flavor. Cheese accordingly contains 
the nutritious elements of the milk in a condensed but 
somewhat indigestible form, 

23, Bread. — Bread is made of various kinds of grain, 
but by far the best and most niftritious is that made 
from wheat. Wheat flour contains the following in- 
gredients : 



DIFFEBBNT KIMIM Qy I 

CoMPoaiTios OF Wheat Flocii. 

Gluten 7.30 I Gnin..... 8.30 

Starch 73.00 Water 12.00 

Silgar 6.40 I 100.00 

In the making of bread, the floor is first thoroughly 
mixed with water and worked up into a pasty mass, 
to which is then added a little yeast. 

Fi^. IT. Yeast consists of an albu- 

minous matter containing an 
abimdance of a fungous veg- 
etable growth, in the form 
of minute globules or cells 
(Fig,17), which rapidlymul- 
tiply by a process of bud- 
ding whenever placed in a 
favorable condition. It is 
one of the most energetic 
Vegetable (nngoH of yeiiflt;mui;uHied. kmds of ferment, and is es- 
pecially liable to act upon all substances containing 
sugar. 

The mixture of flonr and water, with the yeast add- 
ed, is then placed in a warm temperature, and allowed 
to remain for some hours. During this time the yeast 
excites a fermentation, by which the sugar of the flour is 
decomposed, and converted into alcohol and carbonic 
acid. The carbonic acid is a gaa ; and, being produced 
in the form of small air-bubbles, attempts to rise and 
escape from the dongh,just as it would irom a watery- 
mixture. But the gluten of the wheat, being some- 
what viscid in consistency, entangles and retains the 
bubbles of gas -as they are developed in its substance, 
and the whole mass of the dough is thus distended and 
pafled up by the gaseous matter contained within it. 
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The dongh, thna distended, ia then bated at a high 
temperature. The effect of this is to fix and solidify 
the glaten, and cause it to retain the form which it has 
already assumed. When the baked loaf, accordingly, 
is afterward cut through, it is seen to be every where 
perforated with a multitude of little cavities, which 
were formerly occupied by the gas developed in fer- 
mentation. This gives the bread a light and honey- 
combed or spongy texture throughout the interior of 
its mass. 

It is this spongy texture, given to bread in the man- 
ner above described, which is the main object of the 
process of fermentation. For if the flour were simply 
mixed with water and baked, the solid and consistent 
mass thus produced, though abundantly nutritious, 
would be tough and difficult of digestion; but, owing ' 
to the light texture which it acquires in fermentation, 
it ia afterward easily masticated, and becomes readily, 
penetrated and acted on by the digestive fluids. 

The small quantity of alcohol produced during the 
fermentation of bread is dissipated by the heat of the 
oven, and carried ofi'by evaporation. 

The starch of the flour, during this process, ahsorba 
water under the influence of the heat, and its grains be- 
come amalgamated with each other. The whole amount 
of water which is absorbed and retained by the dough 
ia rather more than twenty-five per cent, of its original 
•weight ; so that one pound of flour, after being mixed 
with water and made into bread, weighs a little over 
one pound and a quarter, 

24, Wine. — ^Wine ia produced from the juices of the 
grape after undei^oing fermentation. 

The juices of the ripe grape, in tlieir natural condi- 
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^V lion, contain water, a little albuminoaa matter, sugar, 
^H varioas coloring and flavoring Bubstances, and a small 
^H quantity of mineral ingredients. For the purpose of 
^H making wine, the juice is first expelled by crushing the 
^H grapes, and then exposed to the air in vats at a moder- 
^H ately warm temperature. After a short exposure, the 
^^^ albuminous matter suffers a certain alteration by con- 
^^r tact with the air, and becomes a ferment ; and this fcr- 
^H ment then acts upon the sugar of the grape-juice, con- 
^H verting it into alcohol and carbonic acid, as in the fer- 
^H mentation of bread. The fermentation of the grape- 
^H jaice, however, is a slow and gradual process, often rc- 
^H quiring several months for its completion. During this 
^H time the carbonic acid gas which is produced rises to 
^H the surface in bubbles, and escapes from the fermenting 
^H' liquidj but the alcohol remains behind, giving to the 
^H liqnid a vinous or alcoholic taste. 
^H When the fermentation of the wine ia completed, it 
^H forms a clear and transparent liquid, containing wa- 
^H ter, alcohol, coloring matter, and various flavoring sub- 
^H stances; some of which are derived directly from the 
^H original ingredients of the grape -juice, while others 
^H are formed from their alteration daring tho ferment- 
^H ing process. 

^V In some wines all the sngar of the grape-juice is not 
li completely decomposed by the process of fermentation ; 

they therefore retain a sweet taste, in addition to the 

alcoholic Savor, 

I In some instances the wine is bottled before the fer- 
mentation is finished ; and, the process continuing to go 
on, the carbonic acid gas afterward produced ii 
mulated and confined in the imprisoned liquid. When 
the bottles are then opened and the pressure taken off, 



PHT91OL0«Y J 



the Bnperabimdaiit gas sBcapes in bubbles, Bometimes 
with considerable force. Sach wines are called " epark- 
ling," or " Gffervescent" winea. 

The strength of any particular wine depends on the 
quantity of alcohol produced in ita fennentation. Still, 
wine is not simply a mixture of alcohol and water, but . 
it contains many other ingredients furnished by the 
juices of the fruit from which it is made ; and the al- 
cohol, produced by a slow fermentation, is united with 
various other vegetable substances also undergoing pe- 
culiar modifications. 

Consequently, wine can not be artificially manufact- 
ured by mixing together alcohol, water, sugar, etc. 
Such a mixture- is simply a crude imitation, generally 
hurtful in its effects, and, for the most part, wanting in 
the peculiar properties of the wine which it ia intend- 
ed to imitate. 

25. Beer, — Beer is a liquid prepared from barley, 
somewhat in the same way as wine is made from 
grapes. We have already mentioned that in the first 
sprontlng or " germination" of many seeds, the stareh 
which they contain is transformed spontaneously into 
sugar. This happens with the grains of barley. In or- 
der to make beer, the barley is kept warm and moist 
until germination has taken place, and a sufficient quan- 
tity of sugar has thus been produced in their aubatance. 
The barley ia then ground up, mixed with warm water, 
and an infusion of hops, with a little yeast, added to the 
mixture. The hops serve as a flavoring ingredient ; and 
the yeast, acting as a fei-ment, causes the fermentation 
of the sugar, producing alcohol aud an abundant evolu- 
tion of carbonic acid gas. The liquid finally produced 
is beer. It contains much less alcohol than wine, but a 
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large proportion of flavoring and nntritiouB ^nbstaacea 
are also derived from tiie grain nsed in its preparation. 

26. Preparation of Vegetables. — Of the different Ffffc- 
tablea need for food, encli as potatoes, beans, peas, tur- 
nips, etc., the greater part contain principally starch, 
mingled with various proportions of albuminous mat- 
ter, sugar, water, and mineral sabetanccs. The effect 
of cooking upon these vegetables is mainly to soften 
and disintegrate them, since in their raw state they are 
nsnally ho hard as to be entirely indigestible. It is 
very essential, therefore, in tlie preparation of vege- 
tables, that their cooking should be thorough and com- 
plete, as otherwise they are liable to produce injurious 
effects. An agreeable tastg is also developed in vege- 
tables by the process of cooking, though not to so great 
an extent as in the case of animal substances. 

S7. Necessary Qoalities of whoIeBome Food.— In ord^r 
to maintain health, the food which is consumed should 
"be simple, but, at the same time, nutritious in quality, 
and (Ae very best of its kind. The meat should be that 
of well-fed animals, of good color, and abundantly sup- 
plied with the natural juices. The bread should be 
made from well-ground and properly-dried flour ; and 
the vegetables should be of natural color and consist- 
ency, and free from excrescences or other imperfections. 
Particularly the preparation of the food by cooking 
should in all cases be carefully performed; since im- 
proper cooking will often vitiate or destroy the nutri- 
tious qualities of the most valuable kinds of food. 

28. Quantity of Pood required. — The entire quantity 
of food required during twenty-four hours varies with 
the age, sex, and habits of the individual. Children re- 
quire more food, in proportion to their size, than adults ; 
D2 
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and those who take mucli physical exercise need more 
than those who remain comparatively inactive, 
general rule, however, it is a valuable indication of 
health when the full average quantity of food is re- 
quired and consumed every day. The result of inves- 
tigation on this point ehows that for a healthy adalt 
man, taking free eierciBe in the open air, and living 
upon plain but substantial food, the average quantity 
i-equired during twenty-four hours is as follows : 
Atehagb Daily QnANTiTV or Food. 

Meaf leonncBBjOrl.OOlb.aToirdopiris. 

Bread 19 " " 1.19 " " 

Bntterorfat .'..3| " "0.22" " 

Water 52fliiidoz." 3.38 " " 

that is to say, rather less than two and a half pounds 
of solid food, and rather over three pints of liquid food. 

QUESTIONS FOR CHAPTER HI. 

1. Of what does meat consist 7 

2, What kinds of ammal food are most nntiicioiis 7 

5. What is the ofFect of cooking apon meat 7 

4. What is the compositioii of egga t 

fi, Wliftt effect is prodnced upon eggs by boiling? 

6. What is the composition of milt T 

7. How is the hntter extracted from millc 7 

5. Why should it be carefidly purified 7 

9. What is cheese, and how is it naade? 

10. What are thsingredienta of wheat flour? 

11. Describe the making of bread. 

12. What is the use of fermenting bread with jeastP 

13. What is the process of making itine ? 

14. What is Sfe^, and how is it made ? 

15. What are the vegelahles principally used for food ? 
I S. What is the effect of cooking upon Tegelahles ? 

17. What are necessary qnalities of wholesome food? 

18. Bow mnch meat is required per day by a healthy n: 
mnch bread? how much &t? bowmnch liqnid7 
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DIGESTION. 



Necessity far Food. — Nature of Digeation. — Alimentary Canal^ 
ita different Paris. —Digestive Fluids.— MasiicHlion.— The Teeili. 
— Incisors. — Canines.— Molars.— Their difterenl Functions. — Sali- 
va. — Salivary Glands. — Composition of Saliva — its double Func- 
tioiL-~ActioD of the Tongut.— (Esophagus — its Peristallie Action. 
— Deglutition. — The Stomach — its lining Membrane. — Gastric Tu- 
bules. — Gastriu Juice — its Secretion. — Peristaltic Movements of the 
Stomach. — Composition of the Gaatrie Juice. ^Pepsine.— Lactic 
Acid. — Action of Gastric Juice on the Food. — It ia a Ferment. — 
DigestibiHty of Food. — Food shotdd be properly cooked — sbonld be 
taken in moderate quantity — with regularity. — The small Intestine. 
— Follicles of LieberlitUm. — Intestinal Juice — its action on Starch. 
— Pancreatic Juice — its Composition — its action on Fat. — The 
Chjle. — Peristidtic Movement of Intestine. — Chaogei of Food in 
the Alimentary Caaal. — End of Digestion. 

29, The demand for Pood. — Wliy is it that we require 
food? 

It ia becanse the Imman body is not an inert and 
Benselesa machine, but a collection of living organa, in- 
cessantly active, and constantly employed in perform- 
ing their allotted iiinetiona. Corresponding with this 
activity a continuous change goes on in the substance 
of the organs, by which their materials are constantly 
decomposed and constantly renewed. Throughout the 
interior of the frame nature is incessantly engaged in 
} taking apart the 'tissues of which the body ia composed, 
1 and in making them over again of new and fresh ma- 
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terials. We shall hereafter see in what manner this 
process of the unraveling and recomposition of the an- 
imal frame is accomplished, and -what peculiar sub- 
stances are produced in consequence. For the present 
it is sufficient to know that it is continually going on, 
and that the healthy tissues of the body are according- 
ly always renewed and always ready to perform their 
work. 

This requirea a constant enpply of new material from 
withont. 

Bat, beside this, in joang children a provision is 
also necessary for their growth and development. The 
newly-born infant weighs from six to seven pounds; at 
the end of a year his weight has increased to twenty 
ponnds; and at twenty-five years of age it has reached 
one hundred and forty pounds. During all this time 
new material has been added to the body, not only 
sufficient to compensate for its waste of tissue, but also 
in snrplas quantity to provide for its increasing size. 
This new material has been taken with the food, has 
been distributed over the body, and disseminated every 
where throughout the substance of the tissues. 

30. Nature of the Digestive Process. — But the food 
itself will not serve directly for the nourishment of the 
animal frame. First of all, because the ingredients of 
our food are for the most part solid, and they must be 
liquefied before tliey can be absorbed by the mem- 
branes and cii'Culate with the blood ; and, secondly, 
because the ingredients of the food, tlie animal and 
vegetable juices, the starcb, fat, albumen, etc., are not 
the same with the ingredients of the human body. 
They are nutritious, but only because they are capable 
of being converted into other substances, which are 
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then appropriated by the internal organs. AH the 
Buhstancea used as food, therefore, are subjected to a 
Mnd of preliminaiy disintegration and metamorphosis. 
Meat, bread, fruits, vegetables, must all be first reduced 
to a new condition before they can finally take part in 
the nutrition of the body. Their ingredients are com- 
pelled to undergo a transformation, which fits them at 
last to be absorbed by the living tissues. 

This liquefaction and traiisforaiation of the bigredi- 
*ent8 of the food is the procees oi IHgestion. 

31. General Stmcturs and Arrangement of the Diges- 
tive Apparatus. — The digestion of the food is pertbi-m- 
ed in a long tube or canal, called the "Alimentary Ca- 
nal," which commences at the month, and mne contin- 
uously from one end of the body to the other. If we 
examine its different parts, we shall see, first, that they 
differ from each other in size, form, and stmeture, and 
are accordingly known by different names, such as the 
" pharynx," the " tesophagns," the " stomach," and the 
" intestine ;" and, secondly, that there are different ani- 
mal fluids, called the " digestive secretions," which are 
poured into the alimentary canal at different points, 
and there come into contact with the ingredlenta of the 
It is these secretions which have the power of 
acting upon the food, so as to dissolve it and transform 
its matenals ia the manner described above. 

Now the mode in which this action is performed is 
very remarkable. Each one of the digestive secretions 
contains a peculiar albuminous matter, different from 
those of all the rest, and liaving the power of acting 
like a ferment. When this ferment comes into con- 
tact with certain ingredients of the food, it at once 
produces a change in their condition, so that they are 
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tranaformed, and become capable of being used for the 
nourishment of the body. Thus the different ingredi- 
ents of the food are acted upon, in the different parts 
of the alimentary canal, by different digestive fiaids ; 
and as the food gradually passea from above down- 
ward, its various elements are eucceesively transformed, 
and the d^estion of the whole is finally accomplished. 

At the commencement of the alimentary canal (Fig. 
18) we find, as already mentioned, the cavity of the 
Mouth. This cavity is guarded in front by the open- 
ing of the lips, and behind by the muscular walls of the 
throat, or Pharynx, which can close at will, so as to pre- 
vent the passage of substances from the mouth back- 
ward. Beyond the pharynx comes a long and narrow 
tube, the gullet or (Esophagus (a), which runs nearly 
straight downward along the back part of the neok 
and chest until it reaches the abdomen. Here it term- 
inates in the Stomach (5), which is a large, flask-shaped 
expansion, lying across the cavity of the abdomen,jaBt 
beneath the lower extremity of the breast-bone. Like 
the mouth, the stomach is guarded at each end by mus- 
cular hands, which sometimea shut up its orifices, and 
sometimes open to allow the passage of the food. The 
first of these orifices, situated on the left side, and com- 
municating with the (Esophagus (c), is called the " car- 
dia ;" the second, situated on the right side (d), is called 
the " pylorus," 

Beyond the pylorus the alimentary canal becomes a 
long and very narrow tube, not more than an inch saA 
a half in width, but nearly twenty-five feet in length, 
called the Small iitiestine (e). The spiall intestine is 
folded upon itself with many difi'erent turns, so that it 
forms a convoluted mass, occupying a large part of the 
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space within the abdomen. At its upper portion, a few 
inches below the pylorus, two slender tubes open into 
its cavity, coming one from the liver, the other frOTo. 
the pancreas, called the Miliary and Panereatic ducts 
(/, g). They serve to convey mto the intestine at this 
point two important secretions, viz., the bile and the 
pancreatic juice. The amall intestine itself is provided 
with a lining membrane, which varies somewhat in 
structure iu different parts of the tube. It terminates 
in the lower part of the abdomen, near the right side, 
where it opens by a narrow orifice into the last divis- 
ion of the alimentary canal, viz., the Large intestine 

{h,i,i.k). 

The large intestine, so called becauae it is wider than 
the rest, is the receptacle for the refuse parts of the 
food which have not been digested. It passes upward 
along the right side of the abdomen, where it is called 
the " ascending colon" (h) ; then to the left side, as the 
" transverse colon" (i) ; then descends along the left 
aide of the abdomen as the " descending colon" {J) ; 
and finally passes into the pelvis, where it terminates 
under the name of the " rectum" (4). 

In order to nnfleratand the process of digestion, we 
must examine the changes which the food undergoes in 
each successive division of the alimentary canal. 

The first of these divisions is the mouth. When first 
introduced into this cavity, the food is subjected to 
two processes, which are very simple, but very impor-. 
tant. It is masticated^ and at the same time mingled 
with the saliva. 

32. Uastication. — The mastication of the food con- 
sists in ita grinding up or comminution by the action 
of the teeth. The digestive fluids, which are to di&- 



Bolve the fooil in the stomach and intestine, could not 
readily act upon it if it were swallowed in a crude and 
solid mass. It must first be triturated and rednced to 
a state of fine subdivision, in order to prepare it for the 
digestive procesH; in the same way as a piece of loaf- 
sngar if simply placed in water dissolves slowly and 
with difficulty, but if first crushed into fine grains ia 
rapidly attacked and liquefied by the solvent fluid. 

I The organs of mastication are the Teeth, Thoy are 
composed of a strong bony substance, and are firmly 
fixed in their places by strong " roots," which penetrate 
into the substance of the jawe. The projecting part of 
each, which is called the " crown" of the tooth, is cov- 
ered with a layer of exceedingly dense material, the 
" enamel," which, as we have already seen, is the hard- 

I eat substance in the body, and capable of resisting the 

I strongest pressure. 

The teeth are thiity-two in number, viz., sixteen in 

I each jaw (Fig. 10). They vary somewhat in size and 
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shape, and are adapted, in different parts of the jaw, to 
Bomewhat different uaes. The four teeth in the front 
part of each jaw are the Incisors, or " cutting teeth." 
They are rather flat, with a thin, chisel-lite edge run- 
ning from side to eide. As their Bame indicates, these 
teeth are adapted to cutting the food, so far as this is 
required; as in biting off the stems of juicy plants and 
certain kinds of vegetables and fruits. They corre- 
spond to the gnawing teeth of mice, squirrels, rabbits, 
and other similar species, in which they are very highly 
developed, and capable of cutting through the hardest 



Immediately outside the incisors are the Canine teeth 
(J), one on each side of each jaw. They are somewhat 
pointed in form, and correspond to the large and prom- 
inent "tuHka"ofthe carnivorous animals, which are ao 
formidable as weapons of offenBC for wounding and 
seizing their prey. In the human species they do not 
differ very much in their function from the incisora. 

Behind the canine teeth, and occupying all the rest 
of the jaw, are the Molars (c, d), five in number on each 
side, viz., two anterior and three posterior. They are 
very thick and strong, and have rather flat surfaces 
covered with conical elevations. Most of ttiem are 
provided with two or more spreading roots, which fix 
them more firmly in the jaws, and enable them to re- 
sist the pressure from side to side. These are the most 
powerful and important teeth for the comminution of 
the food. The incisors and canines have leas force, be- 
canse they are situated in the front part of the jaws, 
and are adapted only for cutting or piercing substances 
which offer but little resistance. But when the food b 
once taken into the mouth we carry it backward, be- 
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I tween the strong molar teeth, which are situated just 
witliin the muscles upon the aides of the jawa. Then, 
by repeated lateral movements of the jaws from right 

»to left, the food is ground and comminuted between 
their hard siirfaeeB, as it would be between two mill - 
Btones, imtil its different parts are reduced to a fine 
homogeneoas mixture, 

We can readily appreciate the greater powor of the 
molar teetli by attempting to use them upon difl'erent 
^^ snbstances. We can easily bite off a slender thread or 
^^L a juicy vegetable by placing it between the incisors. 
^^■fnt when the substance is more resisting, like a hard 
^^1 crust or a woody stem, we instinctively place it be- 
^H|tween the molars in the back part of the mouth, when 
^^Vitis seized and crushed with all the power of the string 
^^^mascles situated on the sides of the jaws. 
^^1 la the movements of mastication it is the lower jaw 
^^Eonly which movcB. The upper remains stationary, as 
^^m -we can easily convince ourselveB by placing the fingers 
^H;i]pon the sides of the face while mastication is going on. 
^^B We can also feel in the same way the strong musclea 
^^■in this situation, which bwcII and become rigid when- 
^H ever the lower jaw is pressed firmly against the upper. 
^^L 33, Baliva.— But the mastication of the food is very 
^^r much assisted, and at the same time rendered more ef- 
ficacious, by the Saliva which is mingled with it hi the 
cavity of the mouth. 

The saliva is produced by various glandular organs 
situated in and near the mouth. These organs are 
four different kinds. First, the Parotid gland, situated 
beneath the skin immediately in firont of the ear; sec- 
L ond, the Submaxillary gland, just within the angle 
I the lower jaw ; third, the Sublingual gland, beneath 
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aide of the tongne ; and, foarth, the J/wooms glandules, 
situated in the lining membrane of the mouth, particu- 
larly on the inside of the lips and cheeks. These vari- 
ous glandular organs produce four difiercnt kinds of 
fluid, which vary in consistency, some of them being 
more watery, others more %-iscid ; but they are all final- 
ly mingled together to form the saliva. 

The saliva is constantly secreted in moderate quan- 
tity, sufficiently to lubricate the lining membrane of 
the mouth, and to keep it moist and pliable. Its flow 
is excited, however, in greater abundance by any thing 
which stimulates the sense of taste, such as sweet, 
sour, or bitter suhetancea. This efltct is produced 
through the action of the nervous system. Even the 
sight or. sometimes the thought of attractive articles 
of food, when the appetite is excited, will stimulate the 
discharge of saliva, and, as it is commonly expressed, 
"bring the water to the mouth." The movement of 
the jaws, as in speaking, and more especially in masti- 
cation, will also increase the quantity of saliva; and 
the action of swallowing has, for, the moment, a similar 
eflect. 

But the flow of saliva is stimulated, most of all, by 
the ordinary mastication of the food in eating; when- 
the excitement of the taste, the movement of the jaws, 
and the action of swallowing all combine to excite the 
activity of the glandular organs. It is then poured out 
in the greatest abundance, to perform its office in the 
preparation of the food. 

The saliva is a thin, colorless, slightly viscid, and al- 
kaline fluid. When first discharged it is somewhat 
frothy and opaline in appearance, but after it has re- 
mained at rest for a short time its upper portion be- 
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learly clear, whUc a fine- white flocculeut eub- 

s deposited at tbe bottom. This deposit, wheii 

Pic. BO. e X a m i n e d by the micro- 

1 scope (Fig. 20), ia seen to 

be ei 




of mioutc 
tjranu!es,afew oil globules, 
;vnd a quantity of tbui, flat, 
scale -like bodies, or cells, 
called "epitheliam cells," 
which have been separated 
fVom the surface of the lin- 
ingmembrane of tbe mouth. 
t There are also a few small- 
er rounded cells mingled 
rith the rest, which are derived from the mucona glan- 
Idnles of the mouth. 

The saliva has the following composition in 1000 
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Albuminous nutter : 

Mmeral ingredients 

Mjxtaro ofqiithelium 



Ir is accordingly a very thin fluid, containing but a 
mall qnantity of solid Bubstances in proportion to its 
Watery parts. 

The albuminous matter of the saliva is called Ftyn- 
line. It is owing to the presence of this albuminous 
matter that the saliva is somewhat viscid, and that it 
readily becomes frothy when mixed with air. 

tThe entire quantity of the saliva produced in twenty- 
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much is aaturaliy absorbed by the food during masti- 
cation, and adding this q^uantity to thai gradually se- 
creted in the intervals between the meals. It ia thus 
fonnd that in an adidt man very nearly three pounds 
of saliva are secreted every day. This quantity, how- 
ever, is not all discharged from the mouth. By far the 
larger portion is secreted during mastication, and min- 
gled with the food which is taken into the stomach. 

34. Funotion of the Saliva. — The function of the saliva 
is twofold. 

First of all, it assists mastication. This can easily 
be seen by noticing the difficulty of masticating per- 
fectly dry substances. Pounded crackers, for example, 
or dry meal, are masticated with extreme difficulty 
until they have become moistened with a certain quan- 
tity of saliva. After this the process is much easier. 
The act of swallowing is also assisted to an important 
degree by the presence of the saliva. It is almost im- 
possible to swallow a perfectly dry mouthful until it 
has been moistened and lubricated by the saliva. The 
same thing happens in animals when the saliva can no 
longer find its way into the cavity of the mouth. In 
the horse, for example, it has been found that when the 
saliva of the parotid glands alone has been prevented 
from passing into the mouth, the animal is nearly four 
times as long in masticating and swallowing a given 
quantity of grain as when the natural flow of the secre- 
tion is undisturbed. 

The saliva is also useful by assistttiff in digestion. It 
does this simply by moistening the food and preparing 
it for the action of the other digestive fluids, partioa- 
larly those of the stomach. For the juices of the stom- 
ach, which, as we shall hereafter see, are very important 



D digestion, require to penetrate readily all paits of the 
klimentary mass in order to prodnce their proper effect. 
^ifl they can do much more readily ii' the ibod be al- 
ready moistened than if'it be dry and resisting. This in 
rue of almost any fluid that requires to be absorbed by 
ia solid substanoc. K a peribotly dry sponge be thrown 
opon the water, it will float upon the surface for a long 
time almost untouched. But if it be first made damj) 
r slightly moistened throughout, it then rapidly ab- 
.Borbs the water as soon ae it touches the surface, 
inks at once to the bottom. 
It will be easily understood, therefore, how im] 
tant it is that the process of mastication be regul 

1 thoroughly accomplished. It must never be neg- 
eoted, nor performed in a hurried and imperfect man- 
ner ; for if so, the subsequent digestion of the food will 
eertatnly be delayed and obstructed, and perhaps pre- 
vented altogether. And if the food which is taken into 
e stomach be not digested as it should be within the 
natural period, it then becomes a source of irritati< 
a liable to produce a variety of injurious effects 
ibre it is finally discharged from the alimentary cauj 
35. Action of the Tongue iA Mastication. — In the mi 
icatiou of the food an important oifice is also perfoi 
d by the Tongue. 
First, because this organ is the ^ncipal seat of the 
e of taste ; and it is by this sense that we judge of 
ifae fitness of certain substances to be used as food, 
"bose substances which are sound, nutritions, and well 
looked are usually agreeable to the taste and are ad- 
oitted without delay ; while such as are decayed, of 
iferior quality, or improperly prepared, are at once 
acted by a more or less disagreeahle flavor. This 
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agreeable flavor notifies us of the presence of some sub- 
stance in the food which is unfit tor digestion, and 
accordingly it may be rejected before it has been con- 
veyed to the cavity of the stomach. 

Secondly, the tongue poaaesses, in a very exquisite 
degree, the sensibility of touch. By this means it can 
appreciate all the physical qualities of the food intro- 
duced into the mouth, and can ascertain at once wheth- 
er it has been sufficiently masticated, or whether there 
yet remain any portions which are still crude and re- 
sisting. Endowed also by its muscular apparatus with 
a power of varied and flexible motion, it carries the 
food about from one part of the mouth to another, so 
that the whole is finally subjected to the action of the 
teeth. 

36. Combined 'Meet of the Saliva and Mastication.— 
The preparation, accordingly, which the food under- 
goes in the mouth la the combined effect of its maa- 
tication and its mixture with the saliva. None of its 
ingredients are aa yet changed or decomposed, but they 
are all present in the masticated mass, though no longer 
distinguishable by the eye. The food is simply tritu- 
rated and disintegrated- by the teeth ; and at the same 
time, by the movements of the jaws, cheets, and tongue, 
it ia intimately mingled with the saliva, which is work- 
ed into its substance until the whole is reduced to a 
soft, pasty material, of uniform consistency, and ready 
to be penetrated by the digestive fluids. 

This softened material is then brought together by 
the movements of the tongue, which penetrates into 
every part of the mouth, searching busily in all its cor- 
ners and cavities nntil it has collected the masticated 
food into a single mass upon its upper surface. The 



I 



DIGESTION. 07 

mass is then presBed backward by the miiBCiUar force 
of the organ, and carried through the opening of the 
pharynx into the upper part oiiho (BBophagae. 

Here it passes beyond the control of the will All 
the movements of the mouth, the jaws, and the tongue 
which wo have heretofore described are voluntary in 
their eharaoter, and may be set in motion or arrested, 
hastened or retarded, at will. But from the moment 
the food passes the pharynx and enters the (Bsophagua it 
is no longer under our control, and is received by anoth- 
er set of organs, whose action is entirely involuntary. 

S7. Def Intition, — The cesophagns, as we have already 
mentioned, is a narrow tube, extending from the phar- 
ynx downward to the stomach. It is provided through- 
out its length with a double layer of muscular fibrea, 
Bome of which are placed longitudinally in its walls, 
while others run round it in a circular direction, thus 
clasping the tube like the fingers of a closed hand. 

When the food enters the upper part of the tesopha- 
gns, these circular fibres contract upon it from above 
and force it onward; whOe the longitudinal fibres at 
the same time draw the lower part of the tube upward, 
and open a passage for the food in a downward direc- 
tion. The same action is repeated successively in ev- 
ery part of the ojsophagus, so that a continuous undu- 
lating or wave-like contraction moves steadily from 
above downward through the whole length of the 
oesophagus, carrying the food before it in a rapid but 
gentle and oniform manner. 

This movement of the (esophagus is called the "peri- 

fltaltio," or vermieular action, becanse it resembles the 

motion of a worm in crawling over the ground. It at 

last reaches the cardia at the lower end of the tnbc ; 

E 
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when this orifice' yields to the pressure from above, anil 
the food, passing through it, is finally conveyed into the 
cavity of the stomach. The whole process by which 
the food is thus carried from the month to the stomach 
is called the act of swallowing, or ^'Deglutition.'" 

38. The Stomach and its Lining Membrane. — The stom- 
ach, as we have already seen, is an enlargement of the 
alimentary canal, forming a rounded cavity or sac It 
ia here that the most important part of the digestive 
process is performed ; so that the food, which has al- 
ready been triturated and softened by mastication, 
now begins to be actually liquefied and dissolved, 
and at the same time transformed and altered in its 
properties. 

The stomach consists of two principal parts, viz., 
first, a lining membrane, and, secondly, a muscular coat. 
Its liuiug membrane is thick, soil, and abundantly 
supplied with blood-veseels. Its inner surface is not 
perfectly smooth, but ia raised into little ridges and 
projecting eminences (Fig. 
21), In the middle portions 
of the stomach, and toward 
the pylorus, these elevations 
B rather pointed in form, 
and generally flattened from 
e to aide. Each one con- 
tains a small blood-vesBel, 
which turns upon itself in a 
loop at the extremity of the 

Inner Hur^cfl of the llulut' membraDe nroipction n.nd commuili- 
0flliepY88tc.iDa<:h,««cenlnver- P™J«^*'»™'. "nu cummuiii 

il^L'"'!?"' "J^'"^ ^^ """'J cates freely with the sur- 

ftnawlIlE [u CQPlcal clflvationa, una ** 

tbebloDa-vewelBCODUliiedliitliem. rounding Vesscls. 

The substance of the lining membrane forms an act 





ive and peculiar glandular 
apparatus. Its whole thick- 
ness is filled with little cy- 
lindrical or tubular oi^ans, 
called tho "gastric tubules" 
(Fig.22). These little tubes 
terminate by rounded ends 
beneath, and open upon the 
upper surface of the mem- 
brane by minute orifices, 
uuiiia ibeiniimu« ui lub i ■» slum ^it'^^tcd between the point- 
^tf^riiSbSS^S ** elevations already de- 
TothoM. scribed. The small blood- 

vessela penetrate every where between the tubules, and 
form au abundant net-work about their sides, 

39, The Gaatrio Juice. — The stomach exerts its action 
upon the food by means of a liquid secretion, which is 
produced by its lining membrane. This floid is tho 
Gastric Juice. 

The gastric juice is poured out from the lining mem- 
brane of the stomach at the moment when the food en- 
ters its cavity. The lining membrane is sensitive to 
the contact of tho food, and is excited to pour out its 
secretion, just as the glands in the neighborhood of the 
mouth pour out their saliva when the food is undergo- 
ing mastication. But the action of the stomach takes 
place without our cousciousness. The excitement of its 
lining membrane is not communicated to us by any sen- 
sation, and takes place as one of the involuntary actions 
of the interior of the body. 

During the intervals of digestion, therefore, the stom- 
ach is quiescent and empty. But no sooner does the 
food pass tho cardiac orifice and enter its cavity than 
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an influx of blood takes place into its vessels, its lining 
membrane becomes swollen and congested, and of a 
bright red color, and its tubules begin to secrete a 
clear, watery, acid fluid. This fluid exudes from the 
lining membrane in a multitude of minute drops like 
the perspiration from the surface of the skin, and, com- 
ing in contact with the food, begins at once to act upon 
its ingredients. 

40. Peristaltic Action of the StouEtch. — At the same 
time another action ia excited in the stomach of a dif- 
ferent nature. This is the action of its muscular coat. 

The muscular fibres of the stomach, like those of the 
cesophagus, are partly longitudinal and partly circular. 
When the food ia introduced, and the flow of the gastric 
juice begins, they are also stimulated to contraction, 
and commence a series of movements from side to side, 
and from one end of the organ to the other. These are 
the peristaUio movements of the stomach. They pro- 
duce a kind of gentle kneading or continuous churning 
of the food, by which it is moved slowly about in the 
interior of the organ. They are like the movements of 
mastication performed in the mouth, except that they 
are involuntary, like the peristaltic action of the cesoph- 
agus, and are performed without knowledge. Tlieir 
effect is to work the gastric juice, as fast as it is se- 
creted, into the interior of the masticated food, until it 
penetrates the mass equally throughout. 

These movements have occasionally been seen, both 

and ani&ials, in cases where an opening has been 

made into the stomach either accidentally or by a sur- 

operation. At the same time, the gastric juice has 

been obtained and subjected to examination. 

41, Ingredients of the Gastric Jaice. — When the gas- 
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trie jnice is thus collected from the cavity of the stom- 
ach, it is found to be clear, transparent, of a light amber 
color, and very distinctly acid. It contains the follow- 
ing ingredients; 

CoHPOamON OV THB GiSTEIO JCICB IK 1000 PAItTfl. 

WBlor : 976.00 

Aibaminans matter 15.00 

Lactic acid 4.78 

MiDCral ingredients Ii.22 

1000.00 

The albuminous matter of the gastric juice is termed 

Pepeine, owmg to its active properties in the digestion 

of the food. It may be coagulated by boiling, and also 

' by the addition of a large qnantity of alcohol When 

' separated by either of these means and dried, it appears 

I as a fine white powder, which may be again dissolved 

in water. This is the moat important ingredient of the 

, gastric jnice. 

. The Lactic acid is the same substance which is pro- 

dnced from sagar in the souring of milk. It is in a 

very dilute form in the gastric juice, but ia necessary 

to its digestive properties ; for the pepsine will not act 

npon the food unless it be dissolved in an acid fluid. 

The Mineral ingredients of the secretion are also 
present in small quantity. They consist of common 
salt, together with combinations of potash, lime, mag- 
nesia, and iron. 

42. Aotion of Gastric Juice upon the Food. — The gas- 
trio juico, constituted as above, has a vtry remarkable 
effect upon the food. For if a small portion of meat, 
bread, boiled white of egg, or cheese, be cut into thin 
slices, placed in gastrio juice, and kept at a warm tem- 
perature, the alimentary snbstance soon begins to be 
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disintegrated and liqoe&d by the action of the fluid. 
This effect fi^t £lio«-s ite«-If npon the ont^r sarface of 
the sabetances acted on, which become more trsiiBpar' 
rat and softer, and tbns ^radoallT melt away. If the 
mixture be gently agitated, so as to shake off the Boftr 
ened parts, the process gc^es as more rapidly. The gas- 
tric jnice penetrates deeper and deeper into the interi- 
or, softening and dts^olrii^ as it goes, nntil the whole 
mass is finally redaced to the form of a flaid mixtnr& 

But if the fluid mixtnre thos prodnced he examined 
more closely, it will be fongd that all the ingredients 
of the food have not been equally affected. In fact, it 
is only the aUruminota coostitnents which are dissolved 
by the gastric jnice, while the starchy and oleaginous 
matters are not altered. Bat as the food, when taken, 
consists of starchy and oleaginous Enbstances imited 
and enveloped by albuminons matters, the solution of 
the latter sets free the other ingredients from their 
combination. 

Thus bread con^sts of starch entangled with the so- 
lidified glutinons matter of the flour. When the glu- 
tinous matter is dissolved by the action of the gastric 
jnice, the starch is consequently disintegrated at the 
same time^ thongh it still retains its other peculiar 
properties. 

Again, cheese con^sts of the solidified oaseine of the 
mill[,with the oily or butterr milk globules imbedded 
1 its substance. The easeine is dissolved and lique- 
fied by the g£&tric jnice, but the oily parts remain un- 
changed, and simply rise to the top and float upon the 
surface of the watery fluid. 

The gastric jnice accordingly appears to act npon 
the whole maas of the food, but in reality it is only by 
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dissolving that large portion of its ingredients whioli 
consist of albuminous matter. 

Now the action of the gastric juice in this process is 
a very peculiar one, and depends upon the properties 
of the pepaine which it contains. This substance acts 
as a ferment, and, simply by coming in contact with 
the albuminous matter, changes its nature and reduces 
it to the hquid form. For albumen, after being digest- 
ed by the gastric juice, is no longer albumen, but has 
been transformed and converted into something else. 
This new substance is termed Albuminose, and is dis- 
tinguished by peculiar properties. Thus white of egg, 
in its natural condition, is coagulated by boiling, and 
is usually taken as food m this solid and coagulated 
form; but after it has been liquefied in the manner 
above described, and converted into albuminose, it can 
not again be coagulated by heat, but remains fluid, and 
is ready to be absorbed by the blood-vessels. 

Like the other ferments which have been already de- 
scribed, the pepsine of the gastric juice, in order to pro- 
duce its eflect, must have a moderately warm tempera- 
ture, neither too hot nor too cold, "fiie gastric juice 
will not act upon the food when near the fi'eezing point 
of water, neither will it have any effect if raised to the 
neighborhood of a boiling temperature. It must be in- 
termediate between the two; and its greatest activity 
is about 100 degrees Fahrenheit, which is exactly the 
temperature of the interior of the living stomach. 

In some instances the action of the-gastric juice is 
very curious. Thus milk, if taken in a fluid form, is 
first coagulated by the fluids of the stomach. It is ow- 
ing to this property that renn^, which is nothing else 
than the dried fluids of the calf's stomach, causes the 
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coagulation of milk in the manufacture of cheeee. In 

digeatiou this effect ia inatantancoua, or nearly bo. But 
soon afterward the pepsine begins to act upon the co- 
agulated caseine, and finally reduces it again to the liq- 
uid form. Thus the same substance, during digestion, 
is firat solidified, and afterward dissolved by the gastric 
juice. Thia proves that the act of digestion does not 
consist in a simple solution, but is an actual transforma- 
tion of the albuminous eubstancea. 

The gastric juice ia the most abundant of all the di- 
gestive fluids. It continues to be produced by the lin- 
ing membrane so long as any food remains undigested 
in the stomach. The quantity which is first secreted 
acta upon a correBponding portion of the albuminous 
matters. The liquefaction of these albuminous matters 
causes, as we have already seen, a disintegration of the 
food previooBly combmcd and agglutinated by their 
substance, and these disintegrated portions pass at 
once through the pylorus into the cavity of the small 
intestine. A fresh quantity of gastric juice is at the 
same time secreted, does its work in a similar manner, 
and is carried witli another portion of the debris of the 
food into the intestine. This process goes on until the 
whole of the food, thus successively broken down and 
disintegrated by the solution of its albuminous portions, 
has been removed from the cavity of the stomach, and 
carried downward into the channel of the small intes- 
tine. 

When thia is accomplished, the secretion of gastric 
juice by the stomach comes to an end, the congestion 
of its lining membrane disappears, its peristaltic action 
ceases, and the entire organ returns to its ordinary qui- 
escent condition. 
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The Btomath, accordingly, is alternately in two differ- 
[ ent conditions, correaij ending to the digestive process, 
^., a, condition of real and a condition of activity. 
[ While digestion is going on, it is in active secretion ; 
I during the intervals of digeation it remains qniescent. 
43, Digestibility of Food. — The digestibility of differ- 
ent kinds of food varies considerably. Some of them 
I are disposed of Ln a comparatively short time; others 
■■ take a longer period. This diflerence is, to a certain 
extent, a matter of common experience, since every one 
is conscious that certain articles of food require a lon- 
ger time for digestion than others. Dr. William Beau- 
mont had an opportunity, many years ago, of examin- 
ing this point in a patient who had a permanent open- 
ing in the stomach, the result of a gun-shot wound. 
I He compared the time required for the digestion of 
I many different kinds of food, some of which are enu- 
merated in the following list : 
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Teal(broiled) 

Salt tieef (boiled) .. 
Goaeted [lork 



[ Pig's feet 

I Tripe , 

Troat (broiled) 

Taniaon Eteat 

I Boiled milk 

I SoBBted turkej 

These results would not always be precisely the same 
[ for different persons, since there are variations in this 
1 respect according to age and temperament. Thus, in 
I most instances, mutton would probably be equally di- 
I geatible with beef, or perhaps more so ; and milk, which 
I in Bome persons is easily digested, in others is disposed 
p of with considerable difficulty. But, as a general rule, 
E 2 
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the comparative digeBtibility of different subslances is 
no doubt correctly expressed by the above Hat. 

44. ConditioBS lequieite for healthy Digestion. — The 
healthy action of the digestive procesa must be pro- 
vided for by careful attention to various particulars. 

First of all, the food should be of good quality and 
properly cooked. The best methode of preparation by 
cooking are the simplest, such as roasting, broiling, or 
boiling. Articles of food which are fried are very apt 
to be indigestible and hurtful, becanso the fat naed in 
this method of cooking is infiltrated by the heat, and 
made to penetrate through the whole mass of the food. 
Now we have seen that fatty substances are not digest- 
ed in the stomach, as the gastric juice has no action 
upon them. In their natural condition tbey are simply 
mixed loosely with the albuminous matters, as butter 
when taken with bread or vegetables, Or the adipose 
tissue which is mingled with tho muscular flesh of 
meat ; and the solution of the albuminous matters in 
the stomach, therefore, easily seta them free, to pass 
into the small intestine. But when imbibed and thor- 
oughly infiltrated through the alimentary substances, 
they present an obstacle to the access of the watery 
gastric juice, and not only remain undigested them- 
selves, but also interfere with the digestion of the albu- 
minous matters. It is for this reason that ail kinds of 
food in which butter or other oleaginous matters are 
used as an ingredient, so as to be absorbed into tlieir 
substance in cooking, are more indigestible than if pre- 
pared in a simple manner. 

It is also important, more particularly in all kinds of 
vegetable food, that the cooking should be thorough 
and complete. This is necessary in order that their 
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texture may be snfficiently softened and their starchy 
ingredients properly prepared. For raw starch is ex- 
ceedingly difficult of digestion, while that which has 
been boiled, or heated in any way in contact with wa- 
ter, absorbs moisture, as we have seen, so that its grains 
become softened, and are then easily acted on by the 
digestive fluid. 

Secondly, the food shonld be taken in moderate quan- 
tity at a time. If an excessive amount be swallowed a^ 
once, it appears to exert a paralyzing influence upon the 
stomach, which is overpowered by the unaccustomed 
load, and fails to act with energy upon the alimentary 
materials. This danger ia especially to be avoided 
when the appetite is voracious, after an unusually long 
abstinence. The excessive desire for food at such times 
ia an unnatural one, and should not be immediately 
gratified to its fullest extent, since it is liable to over- 
tax the capacity of the stomach, and thus produce a 
disturbance in the digestive function. 

Thirdly, the food should be taken with regularity, 
and about the same time each day. The digestive or- 
gans are subjected to the influence of habit in this re- 
spect, for some reason which wc do not fully nnder- 
stand. They accomplish their work more promptly 
and thoroughly when the food is taken at the accus- 
tomed time and in the accustomed manner than if it be 
taken irregularly and out of seaeon. This fact was no- 
ticed so long ago as the time of Hippocrates, who says 
in his Treatise on Regimen that if a man who has not 
been accustomed to take food in the middle of the day 
should do so, he ia liable to bo oppressed and disturbed 
by it ; while those who are in the habit of dining at tins 
lime, if they omit the usual meal, are equally affected. 
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and perhaps lose their appetite for the rest of the day. 
In some persons the system is exceedingly sensitive to 
any such irregularity, and in all the process of diges- 
tion is more or less liable to be affected by it. 

Lastly, the secretion of the gastric juice and the di- 
gestion of the food are much inflaenced by the condi- 
tion of the nervous system. It has been found, by the 
experiments of Dr. Beaumont and others, that irritation 
pf the temper and other moral causes will frequently 
diminish or altogether suspend the natural flow of the 
gastric fluids. Any feverish action in the system or 
any excessive fatigue is liable to produce the same ef 
feet. Every one is aware how readily any mental dis- 
turbance, such as anxiety, anger, or vexation, will take 
away the appetite and interfere with digestion. Any 
injurious nervous impresHion, occurring especially at 
the commmoement of digestion, Beems to produce an 
e&ect which lasts for a considerable period ; for it is 
often noticed that when any annoyance, hurry, or anx- 
iety occurs soon after the food has been taken, though 
it may last but for a few moments, the digestive process 
is not only endangered for the time, but is liable to be 
permanently disturbed during the entire day. 

In order, therefore, that digestion may go on proper- 
ly in the stomach, food should be taken only when the 
appetite demands it, and as nearly as possible at regu- 
lar intervals ; it should be properly prepared by cook- 
ing, and thoroughly masticated at the outset ; and, 
finally, both mind and body, particularly during the 
commencement of the process, should be free from any 
unusual or disagreeable excitement. 

45. Entrance of Food into the small Intestine. — As 
Ihc disintegrated and partly liquefied food passes out 
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ihi-ough the pyloms into the small intestine, it consists, 
tirst, of the gastric juice, together with the albuminous 
matters which it holds in solution ; second, of the 
starchy substances which have been set free from tlie 
other ingredients of the food, but not otherwise alter- 
ed ; and, third, of the oleaginoas matters which are 
also unchanged by the gastric juice. The last two 
substances, however, are now digested by the action 
of the fluids which are poured into the cavity of the 
small intcstiae. 

46. The Intestinal Juice and Digestion of Starcb.~The 
first of these fluids is the J^itattinal Juice. The intes- 
tinal juice ia secreted by a vast number of small tubu- 
lar glands called the " Follicles of LieberkUhn," which 
are thickly set throughout the whole extent of the lin- 
ing membrane of the intestine 
(Fig. 23). Like the tubuloB of 
the stomach, these bodies are 
cylindrical in fonn, with round- 
1(1 ends below, and opening by 
:Etle mouths upon the inner sur- 
u of the intestine. Owing to 
tlie great length of this part of 
} alimentary canal, and con- 
sequently the extent of its lin- 
Fuiiicic- ..f Lit'biTkiiiin, ffom iug membrane, these foilicles are 

Ibe email IntesHno. i ■ ■ rr.. . 

exceedmgly numerous. The m- 
tcstinal juice which they secrete is colorless, slightly 
alkaline, and of a viscid consistency. It contains an 
albuminous ingredient, somewhat similar to that pro- 
duced by the mucous glandules of the mouth. 

Now the intestinal juice, thus secreted, has the pow- 
er of acting upon starch with great rapidity at the 
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temperatni-e of the living body, and of converting it 
into sugar. If a little of the fresh intestinal juice be 
mingled with boiled starch and kept in wann water for 
a, few seconds, the starch begins to disappear from the 
mixture, and sugar to take its place ; and in a short 
time the whole of the starch will have undei^one the 
same transformation. 

This change is accomplished by the action of the al- 
buminous ingredient of the intestinal juice. Like the 
pepsine of the gastric juice, it acta as a ferment; and 
by simply coming in contact with the starchy matters 
of the food at a wann temperature, it causes them to 
change their properties, and transforms them into sugar. 
When the starchy substances have thus been converted 
into EUgar, their digestion is accomplished ; for they 
have then become liquefied, and accordingly may be 
I'eadily dissolved by the fluids of the inteBtine. 

When the food passes into the small intestine, there- 
fore, it meets with the intestinal juice, which ia secreted 
with acti^ity at that time ; and by the contact of this 
fluid, its starch ia rapidly transformed into sugar, and 
then held in eolation by the intestinal fluids, 

47. Pancreatic Juice. — There is still another secretion 
which ia mingled with the food in the cavity of the in- 
testine, viz., the Pancreatic Juice. As its name indi- 
cates, this fluid ia the production of the " pancreas," a 
gland situated near and a little behind the lower bor- 
der of the stomach. The pancreas discharges its secre- 
tion into the upper part of the small intestine, a few 
inches below the situation of the pylorus (Fig. \%,g). 

The pancreatic juice, aa it enters the intestine, is a 
clear, colorless, alkaline and rather viscid fluid, some- 
what similar in appearance to the intestinal jnice. It 
contains the following ingredients: 
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COMPOSmOS OP THE PASCKEATIC JriCE IS 1000 PARTS. 

Water 900.76 

Albnminons matter 90.38 

Hiner^ ingredienla 8.86 

1000.00 
It contains, therefore, a ibnch larger proportion of 
albaminous matter than either ealiva or the gastric 
juice ; and, accordingly, it is more viscid than either of 
these secretions, sometimea almost resembling white of 
egg in consistency. 

This albuminous matter is termed " Pancreatine," It 
may be coagulated by boiling, by the addition of an ex- 
cess of alcohol, and by various other chemical means. 
It is the principal and most active ingredient of the 
pancreatic juice. 

48. Aotionof the Pancreatic Juice on Fat — Tlie most 
important property of this secretion is its action upon 
the oleaginous matters. These substances, as we have 
seen, are not digested in the stomach. They are only 
melted by the warmth of the body, or by the solution 
of the albnminons matters are set free from the tissues 
in which they were entangled. In the stomach, there- 
fore, they are always easily recognized, floating in the 
form of oily drops and globules among the other ingre- 
dients of the food. 

Bnt in the intestine these oily Hrops are no longer to 
be seen. In place of them there appears a white milky- 
looking fluid, mingled with the other substances in this 
part of the alimentary canal, which smears over its in- 
ternal surface, and collects in the little folds and hol- 
lows of its lining membrane. This wliite fluid is the 
Chyle. It contains all the oleaginous matters of the 
food, bnt so changed in their condition that they are no 
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longer diBtinguiahable by the naked eye. If we ex- 
amiue it by the microecopej we see that it is filled with 
excessively minute granules of fat, bo fine that they can 
hardly he measured, and Buspeuded in the albuminous 
liquids like an emulsioo. 

The chyle is, in feet, an emulsion, which has been 
produced by the action of the pancreatic juice upon the 
oily particles of the food. 

If we take a quantity of fresh pancreatic juice, and 
shake up with it a little olive oil or other fatty sub- 
stance, the same effect is immediately produced. The 
oil is at once disintegrated and broken into minute par- 
ticles, which are then disseminated through the mix- 
ture, forming a perfectly white, opaque, milky-looking 
fluid. This action is accomplished by the albuminous 
iogredieut of the pancreatic juice, which is known as 
"pancreatine." "We have already seen, in a former 
chapter (p. 60), that fresh white of egg will produce 
this effect upon oil when shaken up with it in a glass 
vessel. Now pancreatine is very similar in its proper- 
ties to the white of egg, and especially resembles it in 
this action which it exerts upon the oily parts of the 
food, by which they are converted into an emulsion. 

This change, when accomplished, is sufficient to com- 
plete the digestion of the fat; for in the emulsloned form 
it b capable of being absorbed by the vessels, and thus 
received into the general current of the circulation. 

49. Peristaltio Hovement of the Intestine. — At the 
same time that the changes which have now been de- 
scribed take place, the elements of the food, mingled 
with the various digestive fluids, are carried from above 
downward by the peristaltic action of the intestine. 
For the intestine, like the oesophagus and the stomach, 
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I is provided with a double muecular coat, consisting of 
I loDgitudinal and circular fibres. The action of these 
I fibres may be seen very plainly in the intestines of the 
I ox or sheep, immediately after they are removed from 
I the body of the slaughtered animal. Indeed, it is in 
I this part of the alimentary canal that the peristaltic ac- 
1 tion ia most active and most distinct. A contraction 
[ takes place at a particular spot, by which the intestine 
y is reduced in diameter, its sides drawn together, and its 
contents forced onward mto the next portion of the ali- 
lentary canal. This contraction then extends to the 
eighboring parts, while the portion originally con- 
tracted becomes enlai'ged; so that a slow, continuous, 
' creeping motion of the intestine ia produced, by suc- 
ive waves of contraction and relaxation, which in- 
cessantly foilow each other from above downward. 

The effect of this ia to produce a peculiar writhing, 
fform-like movement among the coUs of the intestine, 
by which the food, while undergoing digestion, is stead- 
I ily carried forward, so as to traverse the entire length 
' of the small intestine, and to come in contact success- 
ively with the whole extent of its lining membrane. 

50. Complete Digestion of Food in the Intestine. — In 
tiiis way the complete digestion of the food, and at the 
same time its absorption, are provided for. For, as the 
I food moves slowly from above downward, those por- 
I tions which are already digested are removed by ab- 
sorption through the lining membrane. This leaves 
J the remaining portion of the food more fully exposed 
I to the contact of the digestive fluids, until, toward the 
I lower part of the small intestine, the whole has been 
I thoroughly liquefied and converted into materials fitted 
f for absorption. 
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Thus, in different parts of the email inteMtine, the ap- 
pearance of the alimentary mass is different, according 
to the stage of the digestive function ; and its progress 
may be seen by examining the alimentary canal during 
digestion in some of the 




lower animals. The turbid 
mixture which passes out 
of the stomach into the in- 
testine when the animal 
has been fed upon meat 
(Fig. 24), contains muscu- 
lar fibres, separated from 
each other and more or less 
disintegrated by the action 
of the gastric juic& The fat 

^'!f£t°^2:FS'™iS7fl^iM?E vesicles are but little altei- 
S?&n"te!'"JS,^^^^;^ ed, and tliere are only a few 
Bb«; t oiiEiobaiei fj.gg (,51 globules to be seen 

floating among the other ingredients. 

FiB. 25, In the upper part of the 

intestine the muscular fibres 
are farther disintegrated. 
They become very much 
broken up, pale and trana- 
parcnt, hut can still be rec- 
ognized by the granular 
markings and striations 
which distinguish their 
fitractnre (Fig. 25). The 
fat yefficles also begin to 
ai- become altered. The solid 
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[ and appears under the form of oil-drops and fatty raol- 
1 ecules, and milky chyle shows itself in greater or less 
[ abundance ; while the fat vesicles themselves are par- 
tially emptied, and become, accordingly, collapsed and 
[ shriveled. 

In the middle and lower parts of the intestine (Figs, 
I 26 and 27) these changes continue. The muscular fibres 




become constantly more and more disintegrated, and a 
I large quantity of granular debris is produced. The fat 
at the same time progressively disappears, and the ves- 
icles may at last be seen entirely collapsed and empty. 
In this way the digestion of the different ingredients 
' of the food goes on in a continuous manner, from the 
I stomach throughout the entire length of the small in- 
I testine. At the same time, it results in the production 
of three different materials, viz. : 1st. A solution of al- 
buminous matters, produced by the action of the gas- 
L trie juice ; 2d. An oily emulsion, produced by the action 
[ of the pancreatic juice on fat; and, 3d. Sugar, produced 
I from the transformation of starch by the mixed intes- 
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tinal juices. These subatanceB are then ready to be 
taken up into the circulation ; and as the mingled in- 
gredients of the intestinal contents pass successively 
downward through the alimentary canal, the prodacts 
of digestion, together with the digestive secretions 
themselves, are gradually removed and absorbed by 
the vessels of the lining membrane. 

Thus the food, which is taten into the mouth in the 
form of bread, meat, fruits, and vegetables, is reduced 
and transformed by the action of the digestive fluids, 
until its nutritious ingredients are separated from each 
other and converted into new materiala The refhae 
matters which are not digestible, and which can serve 
no purpose in the nourishment of the body, are at the 
same time eliminated and rejected. They pass into 
the large intestine; while the nutritious portions re- 
main behind, ready to bo taken up into the current of 
the circulation. 



QUESTIONS FOR CHAPTER IV. 

1. What is the ohjoct o! digestion r 

2. Wiittt ia tha alimentary cniuilf 

S. By what is the food digCEted. ia ths olimenlarj canal ? 

t. In wliflt waj is it digested? 

5. Name and deacrihe the different parts of tha alimentsiy canaL 

S. To what two processea is the food subjected in the viotith f 

7. What isninsficofionr 

8. What are the oi^aiis of masticatioQ ? What ivro they coiDpo«ed 
and what are their different parta ? 

9. How many different Itinda of lEOth are there, and how many of 
:h io each jaw ? 

10. What IB the flitnation, form, and nse of the incisors; uflheca- 
rea T of tho raolara T 

11. How are the wDwemmis of mastication performed? 

12. By what glands ia the saliva prodneed ? 

13. At what lime is it most ahnndantly secreted? 
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14. Wiiat is ilE appearance, and whut ax'e its ingredieata ? 

1 5. How much saliva is prodaced in tweaty-font hours ? 
l(i. Wliat ore the uses of the saliva? 

17. How doea the lonijns assist in masticatian 7 

18. Whatia thecomliinedetrect of tbasiilira 

19. At what point does tha food pass bejond tie control of the 
l-wiU? 

20. What is the Btractnre of tho cesophagtis f 

31. How is tlie food svfoltoweil into tha stomach? 

22. What ia the structure of the ^fomacAf of its lining membrane ? 

23. What digostive flnid is produced in the stomach ? 

24. At what time is the gastric juice secreted ? 

£5. What is the action of the mnscular coal of (he Stomach ? 
26. What is the appearance of the gastric juice, and what are its 
[ ingrodianta ? Which is tho most important ? 

'. What eifect doca the gastric juice hate upon the food 7 
I. Which of the ingredients of the food are disaolved by the gas- 
L trie juice? 

29. In what way does the pepaina act in dieeating the food 1 

30. What («;yi«ra(ur8 is required for the action ofthe gastric juice? 

31. What effect doea the gastric jnico have npon milkt 

S2. Where does the food pasa nfler leaving the carity of the 
\ stomach? 

33. What kinds of food aic most easily digestible ? 
84. What are the beat methoda of cooldas food ? 

35. Why is/ried food apt to be difficult of digestion ? 

36. Why should vogctabloa be vary thoroughly cooked ? 

37. Why ahould the food be talion in moderate quantity t 

38. Why ahould it be taken n( regular timesf 

39. Wlial effect doea nervous irritatien have on the proceaa of di- 
gestion ? 

4fi. What digestive fluid ia produced hy the 
. What am chef ollichso/LieberkUAnr 

42. What is the appearance of the ioteatinal ji 

43. What efiect does it have upon the food ? 

44. What is the appearance of the pancrende 

45. By what organ ia it produced, and wlier 
Intestine? 

46. What are its ingredienta ? 

47. What effect does it have upon the food? 
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48. What is the floid called which is produced by the digestion of 
the&ts? 

49. What is its appearance ? 

60. What is the ^^peristaltic actiorC^ of the intestine? 
51. What effect does it have upon the food ? 
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I Uning Membrane of Intestine-^Valvula Conniventea Villi — En- 

iliMmosiB. — Abflorption by Living Membmnes. — Inllnenco of the 
Ciraulation. — Blood-veaaels of lie Intestine. — Portal Vein. — Blood 
of tbe Portal Vein dnring Digestion contains Albuminoae, Sugar, 
anil Ciijle. — Change in its appBarttlice owing to Chyle. — Distribu- 
tion of Portal Vein in the Liver. — lieabeorption of the Digestiva 
Fluids. — Ljmphnlio Vesaels. —Lacteal Vessels. — Appearance of 
Lacteala during Digestion. — Keceptacultun Chjli. — Thoracic Duel. 
— Dischai^ of Digested Matters into the Blood. — ThA Transfor- 
mation and DiBappenrance. — Nutrition of the Blood. 

51, Absorption of the Pood. — We now enter upon a 
new thapter in the history of the materials of nutrition. 
The first stage in their progreSB toward the nonrish- 
ment of the body has been passed, and they are now 
ready to undergo a different aetion ; for all the changes 
and modifications which we have thus for studied in 
the digestion of the food have been simply a kind of 
preparation for that which is to follow. The digested 
and nutritious elements of the food are still inclosed in 
the alimentary canal; and, before they can reach their 
destination and arriTC at the tissues which they are to 
norfrifih, they must first pass through its walls and gain 

I entrance into the blood. This process is known by the 
I name of Absorption. 

How is this passage from the intestine into the blood- 
Tessels accomplished ? 

52. Lining Membrane of the Intestine. — Tlie lining 
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membrane of the alimentary canal, as we hare already 
8iud, is of great esteDt. For not only does it follow 
the whole length of the tube itself, but in the small in- 
tCBtine it is thrown into a great number of transverse 
folds o» valves, called the VaiviUcB conniventea. Each 
valve is formei of a double layer of the lining mem- 
braue, folded upon itself at its inner edge lite the 
plitititig of a ruffle; so that all of them, taken together, 
UicreasG very much its extent of surface. As the small 
intestine itself measures twenty-five feet in length, the 
vittiru fixtent of its lining membrane, owing to the folds 
just deeoribod, is at least doubled, or not less than fifty 
luct ill ulL 

This membrane, however, is exceedingly thin, soft. 
And flexible, so that it is easily contained within the 
liiuitB of the 'intestine, 

sa. Villi of the Small Istestise.— But beside this, the 
lining luembrano of the small intestine is beset through- 
out with n multitndf of still more minute elevations, in 
the form of delicate flattened, conical, or thread-like 
fllamcnts {tntji>oting trom its inner surface, which are 
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called the Wli (Fig. 28). 

.ICbey resemble the pointed 
itions in the pyloric 

'portion of the stomacli (p. 
98), except that they are 
longer and more slender in 
diape. They are so closfely 
set that they give to the 
Burfiice of the lining mem- 
brane a fine velvety ap- 
pearance, and an exceeding 
Boftneea to the tonoh. Each 
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villus is provided with a network of minute vessels, 
throngh which the blood circulates in a multitude of 
inosculating currents. * 

These villi are the principal agents of absorption. 
They hang out freely in the cavity of the intestine, and 
penetrate every where into the digested material which 
it contains. They are the rootlets by which the lining 
membrane absorbs the nutritious elements of the food, 
just as the roots of a plant absorb nonrishmeut from 
the soil in which they are imbedded. 

64. The Nature and Method of Absorption, — But there 
are no openings in the substaace of the villi, which on 
the contrary present every where a continuous and un- 
broken surface. How is it, therefore, that the nutri- 
tious fluids can find an entrance? 

It is owing to a pectdiar action manifested by the 
animal membranes, which enables certain fluids to pass 
directly through their substance by a kind of tranauda- 
tion or imbibition. This action is known by the name 
of Endosmosis. 

Every animal membrane will absorb certain fluids 
with greater or less facility. If you take a dried blad- 
der and place it in warm water, it will gradually ab- 
sorb the liquid, and become thickened, moist, and pli- 
able, until it recovers nearly its original appearance 
and consistency. This will take place usually with 
any substance formed of an animal tissue, but it does 
not always happen in exactly the same way. Each 
animal membrane will absorb some fluids more read- 
ily than others. Thus some of thom will absorb pure 
water more abundantly than a solution of salt, or a 
solution of sugar more readily than one of gum ; and 
the same liquid will be absorbed more readily by one 
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membrane, and less so by others. Thus every animal 
membrane has a special power of absorption for certain 
liquids, which it will take up in greater or smaller quan- 
tity, according to their nature and composition. In all 
cases, however, there is a natural limit to this quantity, 
beyond which absorption will not continue, 

55. AbBorption by the Blood-veseels. — Now this power 
is exhibited by the animal membranes much more ac- 
tively during life than after death ; because, first of all, 
the living membranes are perfectly fresh and unchanged 
in their structure, and, second, because they are filled 
with the circulating blood moving incessantly through 
their vessels. This increases very much the quantity 
of fluid taken up ; because the blood absorbs the new 
mateiials from the animal membraue,juat as the mem- 
brane has absorbed them from the external liquid, and 
this blood, passing immediately away with the current 
of the circulation, is followed by a new supply, which 
takes up in its turn what has accumulated since. Thus 
the animal membrane is constantly relieved of the fluid 
which it has already absorbed, and ia then enabled to 
receive a fresh supply; just as a reservoir, which re- 
ceives water at one extremity and discharges it by a 
waste-pipe at the other, may be kept coi^tantly full 
but never running over. Accordingly, the absorbing 
power of the living membrane is not easily exhausted, 
but remains in ftill activity so long as the blood con- 
tinues to perform its work. 

It ie in this way that the digested fluids are conveyed 
from the intestine into the blood-vessels. The liquid 
albumiaose from the stomach, and the sugar produced 
from the digestion of starch, are both dissolved in the 
fluids of the alimentary canal, and are thus made ready 
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for absorptiou. Even the oily subetitnccs of the chyle 
are capable, in their minutely disintegrated form, of 
penetrating the substance of the villi, and of entering 
their blood-vesBele. For it is found that the fine parti- 
cles of a milky emulsion may be absorbed by an animal 
membrane, although the oil in its natural condition can 
not pass through its substance. And, in poiift of fact, 
if the villi irom the small intestine, during digestion, be 
examined by the microscope, they are found to be tur- 
gid with chyle, and penetrated every where with its 
minute oily particles. Thus all the materials of the di- 
gested food are taken up by the villi of the alimentary 
canal. From the villi they pass directly onward into 
the blood. 

fi3. The Portal Vein and Circulation through the Liver. 
— The course of the blood-vessels, which after passing 
through the walls of the intestine return from them to 
the heart, is a peculiar one, and merits a particular de- 
scription. We have already seen that each one of the 
intestinal villi is filled with a network of minute vessels. 
These vessels terminate at the base of each villus in a 
little vein, which receives the blood coining from it, and 
unites with other similar veins returning from the adja- 
cent parts of the intestine. The branches so formed 
unite with stUl others coming from more distant re- 
gions, lite so many difi'erent roads all joining a com- 
mon highway. In this manner, the veins, returning 
from all parts of the intestine, are at last collected into 
a single great trunk, which is known by the name of 
the Portal Vein. The portal vein therefore contains 
all the blood which has traversed the lining membrane 
of the intestinal canal, together with the substances 
which it has absorbed from the intestinal cavity. 
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Accordingly, the blood circnlating in the portal vein, 
while digestioE and absorption are going on, is charged 
with the nutritioua niateriala of the food. It contains 
the digested albuminouB matters nnder the form of al- 
buminose, and the sugar produced by the digestion of 
starch. It contains also the oUy substances of the chyle 
mingled with its other ingredients. Thia gives to the 
blood of the portal vein, during digestion, a peonliar as- 
pect. For while the sugar and albuminous matters, be- 
ing in a state of solution, can not be distinguished by 
the eye and are only to be recognized by their chem- 
ical teats, the oily granules of the chyle, being simply 
suspended in the blood, consequently alter its color and 
appearance, and may be easily distinguished by the mi- 
croscope. The blood of the portal vein, therefore, at 
this time is rich in oleagmons granules ; and when it 
coagulates, its watery parts are turhid and wliitish in 
color, and a thin milky pellicle rises to the surface. In 
the intervals of digestion, on the contraiy, the watery 
parts of the portal blood are clear and transparent, like 
that fi-om any other region of the body. 

The portal vein, conveying the blood thus loaded 
with nutritious materials, passes upward through the 
cavity of tho abdomen until it reaches the situation of 
the liver. 

Here, however, instead of continuing its course di- 
rectly toward the heart, it passes into the substance of 
the liver, where it undergoes a very singular distri- 
bntion. It is on this account that it has received the 
name of the "portal" vein, because it enters the liver 
by a Idnd of fissure or "gateway" upon its under sur- 
face. Once within tho snbatance of the organ, it divides 
right and left, into two great branches, which penetrate 



ihe two opposite sides of the liver; and then, dividing 
still into smaller and more nuraerous ramificatious, its 
branches at last reach the little glandular lobules of 
which the whole organ ia composed. Here they finally 
break up into a plexus of minute vessels, as fine as those 
irhich originally occupied the substance of the intesti- 
nal villi, and which fill the entire substance of the liver 
with a similar vascular networlt. 

Beyond the glandular lobules of the liver, the blood- 
veasela again collect into little veins, and those Irom the 
neighboring lobules unite into larger branches, like 
those fi^)m the adjacent villi of the intestine, Now, 
however, the veins so formed are called the " hepatic 
veins ;" and by repeated junction, those coming from all 
parts of the liver are at last united into one common 
Hepatic Vein. This vein soon afterward discharges its 
blood into the great venous current returning directly 
.to the heart. 

Thus the blood which has circulated through the lin- 
ing membrane of the intestine, and which has there ab- 
sorbed the digested materials of the food, is oompelled to 
pass through another set of inosculating resBels before 
returning to the heart. Arriving at the liver by the 
portal vein, it is there distributed through all the vas- 
cular channels of the organ, and comes into contact ev- 
ery where with the substance of its lobules. We shall 
see hereafter what important changes take place while 
the blood'is thus pursning its course through the depths 
of the glandular tissue. Having accomplished this pas- 
sage, however, and still bringing with it the nutritions 
materials of digestion, it arrives at the heart by the 
great veins of the abdomen. Here it finally discharges 
its load into the general mass of the circulating blootl. 
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57. Beabsorption of the Digestive Fluids. — But at the 
saine time that the elements of the food are thus taken 
up from the intestine and conveyed into the blood, the 
iDtestinal juices themselves are also absorbed and re- 
turned to the hlood from which they came. For it is 
the blood which originally fumiBhcd all the materials 
for the digestive fluids. The saliva, the gastric juice, 
the intestinal juice, the pancreatic jnice, are produced 
by the glandular organs and the lining membrane of 
the alimentary canal, as we have already described ; 
but they are produced at the expense of the blood, 
which necessarily supplies the requisite nourishment 
for all the organs of the body. 

Now these digestive fluids are secreted in large quan- 
tity. Taken altogether, not less than twenty pounds 
of animal juices are poui-ed into the alimentary canal 
every day for the digestion of the food. If this quan- 
tity wer-e simply drained away from the blood, it would 
prove utterly exhausting to the animal frame. The di- 
gestion of the food would cost more, so to speak, in the 
waste of the digestive fluids, than it would return to 
the body in the form of nourishment. 

But none of these fluids are lost. They are all taken 
up again by the vessels of the lining membrane, to- 
gether with the elements of the food which they have 
served to digest. What the blood-veaaels absorb, there- 
fore, is not simply the nutritious elements of the food, 
but these nutritions elements dissolved in the digestive 
flaids. The albuminous matters, when transformed by 
the pepsine, are at once liquefied in the abundant g 
trie juice ; the sugar is dissolved also in tlie intestinal 
fluids; and the chyle, as we have seen, is really s 
emulsion of the fatty particles in the albuminous liquid 
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of the pancreatic juice. All those subatanceB, digeet- 
ors and digested, are finally absorbed at the same time 
by the blood-vessels of the alimentary canal 

The digestive fluids, accordingly, perforin a sort of 
circulation ; passing from the blood to the intestine, and 
from the intestine back again to the blood. They are 
the mesBengers, sent out by the blood to collect the nu- 
tritious elements in the alimentary canal, and then to 
rKtum with them into the current of the circulation, 

58, Absorption by the LactealB, — But the absorption 
of the food is also accomplished in part by another set 
of vessels, differing &om those which we have hereto- 
fore described. Tliese vessels are the Lactmls. 

The lacteals are simply part of a great system of os- 
cular channels distributed throughout the body, which 
are called the "Lymphatic" or "Absorbent" vessels. 
In the ekin, the mnscles, the internal organs, the lining 
membranes, they begin by a fine network, imbedded in 
the tissues, and then collect into small branches which 
run upward and inward toward the great cavities of 
the chest and abdomen. They finally terminate in the 
veins. Those coming fmm the right arm and the r%ht 
side of the head and neck empty into the veins of this 
part of the body. Those from the legs and thighs pass 
into the cavity of the abdomen, where they are joined 
by others coming from the loins, the kidneys, the spleen, 
the liver, stomach, and intestine. All these collect into 
a single tube or duct, not more than a quarter of an 
inch in diameter, which then mounts fix)m the abdomen 
into the chest, and runs upward along the spinal col- 
umn. This tube is called the."Tlioracie Duct." It at 
last rises from the chest into the lower part of the 
neck, and then, curving forward, tefminates in the 
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great Bubclavian vein, not fiir from the region of the 
heart (Fig. 29). 

Now these vessele are inoeeBantly engaged in absorp- 
tion. Thoy taie up constantly, from all parta of the 
body where they are distributed, a transparent and 
colorless liquid, which is termed the " lymph." It is 
on this account that they have received the name of 
lymphatics. The lymph represents a portion of those 
ingredients of the tiesuea which have become useless, 
and which must be restored or renovated before they 
can again take part in the functions of life. They are 
therefore taken up hy the lymphatic vessels and con- 
veyed back toward the heart, there to be mingled with 
thf^urrent of the venous blood. 

The lymphatic vessels are not readily distinguished 
by the 'eye. First, because they are very small in size, 
and their walls exceedingly thin and delicate; and, sec- 
ondly, because the lymph which they contain is colorless 
and transparent. The blood-vessels we can easily see, 
even when their walls are thin, owing to the red color 
of the blood which they contain; but there ia nothing to 
distinguish the course of the lymphatics, since both their 
walls and their contents are equally colorless. They 
are therefore easily overlooked, unless we take especial 
pains to search for them among the other tissues. 

The lymphatics of the intestine are exactly like those 
of other parts of the body. They commence in the villi 
and in the substance of the lining membrane, and then 
pass inward to join those coming from other oi^ans. 
Usually they are almost invisible like the rest, for they 
contain only the transparent lymph, as we have already 
described. But when the digestion of the food is in fiiU 
activity they also begin to take up the oily particles 
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fi-om the cavity of tbe intestine. They become tiirgid 
with chyle, and tlien, enlarged and distended with this 
milky fluid, they at onco become visible to the eye as 
white rounded filamenta, showing throagh the trana- 
pareiit coveringa of the intestine. They are then called 
the " lacteals," from their white color and the milk-like 
appearance of the fluid which they contain. 

The inteBtines, folded npon themselves in many turns, 
as we have already described them, are loosely attach- 
ed to the spinal column by a broad sheet of thin mem- 
brane, like the band of a rufBe, which is called the 
" mesentery." Tlirougb this sheet the laeteala pass 
from the intestine toward the back part of the abdo- 
men ; and there, jnst before mounting into the chest, 
they unite into a little cavity or sac, which is called the 
" receptaculum chyli," or " receptacle of the chyle," sit- 
uated just at the commencement of the thoracic duct 
(Fig. 29). 

Accordingly, the absorbent vessels of the abdomen 
have a very different api>earance at different times. In 
the intervals of digestion they are nearly invisible, for 
they are then merely lymphatics, and contain only a col- 
orless fluid. But during digestion they present them- 
selves as an abundance of fine white glistening ducts, 
converging every where from the folds of the small ui- 
tcstine, and uniting with each other at the receptaculum 
chyli. Thence the chyle is carried onward through the 
thoracic duct and is discharged at last into the blood 
of the subclavian vein. When the process of digestion 
is terminated, and all the chyle has been eshaustcd 
from the cavity of the intestine, the lymphatics of the 
abdomen return to their former condition, and become 
again colorless and invisible as before. 
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;. ». Thus the chyle 

produced during di- 
gestion is conveyed 
into the circulation 
by two different 
routes. First, by the 
blood-veasela of the 
intestine, through 
the portal vein and 
the liver, to the he- 
patic vein ; and, sec- 
ondly, by the lacte- 
ala and the thoracic 
duct to the subcla- 
vian vein. It is, ac- 
cordingly, all finally 
mingled with the 
blood returning to 
the heart. 

50. Changes in tbe 
Food after it ia Ab- 
sorbed. — Th e h ifitory 
of abaorption is not 
yet finihfhed. 

TJms far we have 
Been how the Bub- 
stances produced by 
digestion arc taken 
up from the intes- 
Ucteais HDd Lymphati™. tjna] canal and min- 

gled with the circulation. But they are not yet ready 
for nutrition, since they are still different from the nat^ 
nr.ll ingredients of the blood. Tlie albuminous matter 




formefl in digestion is not the same with the albumeu 
of the blood. Sugar also ia a substance which is not 
to be found in the blood-vessels generally; and the 
milky chyle, so abundant in the portal vein during di- 
gestion, is not an ordinary ingredient of the circulating 
fluid. These substancee, therefore, must be still farther 
modified and transformed before the nutrition of the 
blood is complete. 

This transformation ia accomplished in the blood-ves- 
sels. Soon after entering the circulation, the albnmi- 
nose, which was absorbed by the intestinal veins, disap- 
pears and is replaced by the natural albumen of the 
blood. This is a metamorphosis or conversion, similar 
to that by which the albuminose was itself produced by 
the gastric juice in digestion. The other iugredients of 
the circulating fluid act upon it by catalysis, and change 
it into the substance necessary for the composition of 
the blood. 

Thus the albumen of the blood ia finally recruited 
from the nutritious elements of the food. But it is only 
after these have undergone a double transformation ; 
first into albuminose by the infiuence ofthe gastricjuice 
in the stomach, and secondly into albumen by the influ- 
ence ofthe blood itself in the interior ofthe vessels. 

The sugar and the oily matters also disappear soon 
after they are received into the circulation. We do 
not know exactly what becomes of them ; but they are 
amalgamated in some way with the natural ingredients 
ofthe blood, and thus serve at last for its nutrition. 

60, Feriodical Excitement ofthe Digestive Apparatus. 
— Finally, the whole process of digestion and absorption 
is accompanied by a remarkable excitement and conges- 
tion of the alimentary canal. We have already seen 
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how the lining membrane of the stomach becomes filled 
with blood when the food ia taken into its cavity. The 
same thing happens with the small intestine. During 
the act of digestion its lining membrane becomes thick- 
ened and more vascular, at tbe same time that the pe- 
ristaltic movement of its walla is called into activity. 
While absorption ia going on, also, its vessels are loaded 
with the nutritious fluids absorbed from its cavity, and 
return to the heart a larger quantity of blood than at 
other times. Tliis continueB until the process of diges- 
tion ia complete, and until all its new materials have 
been distributed throughout the circulation. Then the 
unusual excitement and activity of the alimentary canal 
gradually subsides. Its walls become paler and softer ; 
its muscular contractions grow less frequent and active ; 
and, finally, the whole intestine is restored to its ordina- 
ry condition of i-epose. 

QraSTIONS POR CUAPTEH V. 

1. WbM'uabiKtrpliont 

2. What we tbe valvula amiiiventea of the small inteslinu F 

3. What Bxo tha villi of the small intestine ? 

4. What is the fanction oT the villi ? 

G. What is endotmoBia, and how is it regulatsd? 

6. How docs the circalalion of the blood assist in absorption ? 

7. How are the blood-vaasuls arranged in the viUi 7 

8. Into what vein do they empty? 

9. What dcea the blood of the portal vein contain during the di- 
gBBtion of the fbod? 

10. To what organ is the lilood conveyed by the portal vdn? 
] 1 . After passing through the liver, whither is the blood conveyed ? 
12. What becomes of the digettice Jiuida during tbe digestion and 

absorption of the ibod ? 

18. Wlmt are the /i/mpiatic or aluorbatt vessels? 
14. Where do Ihey originate and where do they li 
in. In whnt duct do the iymphutiCH of the nMomen tt 
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16. Where does the thoracic dact commanicate with the veins ? 

17. What is the general appearance of the lymphatic vessels, and 
of the lymph which they contain ? 

18. What is the appearance of the l3rmphatics of the intestine dar- 
ing digestion, and why are they then called ** lacteals ?'* 

19. By what two rontes is the chyle conveyed into the circulation ? 

20. What changes take place in the elements of the food after their 
absorption ? 

21. How is the circulation in the alimentary canal changed daring 
digestion, and what is its condition after digestion is finished ? 
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THK UTSB AS1> ITS rCSCTKfSS, 



a of the KIb. — ^Sarj Sdto. — Mode of cxtractiiig thorn 
ftw dw Ba*-— Their Qpali^Miw.— Cti—gea of the Bila in tlw 
iMostiDS— i» >tow|i<iua bf Ae Blood.— FoMdoD of iho BHa. — 
RcnatioB <if S^^ in the lirtt'— iti danpiua h; the mood'tM- 
Mli— Sagv ted^ ifatnigiweil m Oe C&caluioaL 

Fkom what ire have abeadf le»nied, it is evident 
tbst the Urer plavs s prominent part in regard to the 
prooees (tf abeorpitoo. Placed in (be immediate nd^t- 
boiiiood of the digestive organs, and nitited with them 
by varions anatomical connection^ it is, to some extent, 
associated with tliem in Ainction. It is also the great 
highway throagh which the blood passes in its course 
from the inlestine to the heart, and where it nndergoes 
certain changes of the greatest importance, 

VI. Situation ud Vucalarity of the Liver. — The )iver 
is a large and solid organ, placed in the npper part and 
on ihe right side of the abdomen, a little above the 
level of the stomach. If we plaee the open hand c 
the lowermost ribs of the right side of the body, it will 
almost exactly cover the sitnation of this organ. It re- 
ceives, as we have seen, the portal vein, which ramifies 
extensively in its substance. It is also supplied with 

I artery ; but this artery is coniparatively of small 
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size, and by far the larger portion of the blood whicli 
circulateB in the liver comes from the branches of the 
portal vein. 

Tho first and most well known fdnction performed 
by the liver ia the production of the Jiile. 

62. Struoture and Secretive Function of the Liver. — If 
we examine the minute structure of the organ, we find 
that it is composed of a great number of small rounded 
granular masses, closely packed together, which are 
called its " lobules." It is into the substance of these 
lobules that the minute blood-vessels penetrate, and 
form there a fine vascular network. 

Bnt beside these blood-vessels there is another set of 
tubes, equally delicate, which commence in the sub- 
stance of the lobules and join each other in the spaces 
between them. They then unite into brandies Uke those 
of the veins, and, continuing their course from the deep- 
er parts of the organ, finally emerge at the great fissure 
or gateway at its under surface. These little tubes are 
called the "biliary ducts." 

The liver is accordingly drained throughout its snb- 
Btance by a mullltude of fine ducts or canals, like the 
ditches of a cultivated field; only these ducts are of 
minute size and disBemioated every where throughout 
the organ, collecting at last into a main tube or sluice- 
Tvay at its surface. 

Now in the interior of these ducts there appears a 
watery fluid, of a rich brownish-yellow color and a bit- 
ter taste, containing many different ingredients of a 
peculiar nature. This fluid is the -Bi&. It is fonned in 
the interior of the lobules, and is taken up from them by 
the little canals in their tissue. As it accumulates in the 
smaller ducts it fills the larger branches also, and is thus 
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conducted into the main channel at the under surface of 
the organ. 

How 18 it that the bile is formed in the substance of 
the lobules? 

This is another example of that singalar trausforma^ 
tion of which we have already seen so many instances. 
None of the more important ingredients of the bile are 
to be found in the blood ; and yet the blood is the only 
source from which the liver derives its nourishment. 
But, as the lobules absorb from the blood its nutritious 
elements, and fix them in their own substance, they at 
the same time transform or change some of them into 
other materials. We can not explain more fiilly the 
manner in which this takes place; we only know that 
this is a property belonging to the tissue of the lobules, 
just as it is the property of the gastric juice to change 
the albuminous substances in digestion. It is thus that 
the peculiar ingredients of the bile, giving it its bitter 
flavor, its yellow color, and its other important proper- 
ties, make their appearance in the interior of the liver. 
The liver is therefore a kind of manufactory in which 
a new fluid is produced, differing from the blood by 
which its materials are supplied. 

From the great fissure upon the under surface of the 
organ the main biliary duct passes downward to the 
small intestine, which it reaches at the distance of ft 
few inches from the pylorus (Fig. 18,/). Here it pene- 
trates the wall of the intestine, and opens into its cav- 
ity by a small orifice on the inner surface of the lin- 
ing membrane. 

Thus the bile, first produced in the liver, is conveyed 
downward by the biliary duct, and finally discharged 
into the npper part of the small intestine. 
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Bat about midway between the liver and the intea- 
[ tine the biliary duct communicates with a membranous 
8ac or bag, which ia called the GaO^Uadder. It is a 
rounded, peai'-ahaped bag, about three inches in length, 
attached to the under surface of the liver. It can be 
easU-y recognized, both in man and in most of the ani- 
mals used as food, by its foi-m and situation, and by its 
being filled with dark liquid bile. "The bile, in fact, ac- 
cumulates in the gall-bladder as ia a kind of reservoir. 
A portion of it always pasBes downward through the 
biliary duct, and is discharged at once into the intes- 
[ tine; but a portion is also turned back into the gall- 
bladder, especially in the intervals of digestion, and 
ia there stored away for fiiture use. The longer the 
time which has elapsed since digestion, the greater the 
quantity of bile which accumulates in the gall-bladder. 
Consequently, this organ varies very much in size at 
different times. Immediately afler digestion it is small 
and collapsed ; but if examined after one, two, or three 
days of fasting, it is found full of bile, and increased to 
two or three times its former dimensions. 

side, the bile which ia contained in the gall-bladder 
is somewhat different from that which is still in the bil- 
iary ducts. In the ducts within the substance of the liv- 
er it ia thin, watery, and yellowish. In the gall-bladder 
it is thicker, darker colored, and viscid in consistency. 
While retained in the gall-bladder, therefore, it suffers 
a certain change ; and this change is principally due 
to a viscid substance or "mucus," which is secreted 
by the gall-bladder, and mingled with the bile which 
it contains. 

. Physical Appearance and IngredientB of the Bile, — 
Owing to the accumulation of the bile in the reservoir 
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ol'the gall-bladder, we can easily obtain it for examina- 
tion. 

As it comes from the gall-bladder, the bile is a rather 
viscid fluid of a golden-brown color, which often varies 
through many different shades of yellow and green. If 
we shake it up in a closed vessel with air, it becomes 
very frothy and soapy in appearance, entangling the 
bubbles of air, which adhere closely to each other and 
to the surface of the fluid. 

'The ingredients of the bileare, first, water; secondly, 
certain substances of an animal nature, combined with 
soda, which are its most peculiar elements, and which are 
therefore called the "Biliary salts ;" thirdly, a coloring 
matter, which gives to the bile its greenish or brownish 
hue; fourthly, substances of a fatty nature; and, lastly, 
mineral ingredients. Mingled with these, as we have 
already mentioned, there is usually a small quantity of 
mucus from the lining membrane of the gall-bladder. 
The proportion of these ingredients is as follows : 

CoMPOSinOH OF TEE BlI^ » 1000 FiMTB. 

Weta 660.00 

Biliaiy Bal» 90.00 

Coloring Bod fktty matters 13.43 

Mineral ingredients 16.2* 

Mncua of the gaU-bladder 1.3* 

1000.00 

Of all these ingredients, those which are called the 
"Biliary salts" are the most important. They may be 
extracted from the dried bile by pure alcohol, since 
th^ are soluble in this fluid, and are thus separated 
from other impurities which remain behind. But if 
ether be afterward added to the alcoholic solution, the 
biliary salts separate from the mixture, and are then 



THE UTEB AJfD ITS FUNCnONS. 139 

wly deposited in a cryatallioe form- The crystals 
I are at first very minute and of varions shapes. After- 
I ward they gradually increase in size, until they some- 
[ times become visible to the naked eye pie. ^n. 

|- (Fig. 30). 

The entire quantity of the bile which 
r is secreted during the day varies in dif- 
ferent kinds of animals. Aa a general I 
rule, it is more abundant in those whicli 
live upon vegetable food than in those I 
which are carnivorous. In man, the I 
best ealcnlations show that the daily I 
quantity of bile is about two pounda 
. and a half, 

e4. Function of the Bile in the Intes- I 
[ tine. — What pur])oae does the bile serve I 
n the alimentary Canal ? 
This is not an easy matter to decide ; 
I for, notwithstanding the abundance of 
I the bile and its remarkable characters, crystsiBoftheBiiia- 
1 its ingredients are so different from those man^we^maCTi' 
I of the other secretions, and its fimctions flo^astiniea. 
I are so obscure, that this has been found one of the most 
I difficult of all the questions connected with the diges- 
I tion and absorption of the food. What has been really 
I learned in regard to it is as follows : 

First of ail, the bile is secreted and poured into the 
I alimentary canal at all times. It is not like the gastric 
I juice, which is produced only during the period of di- 
ion ; but it is incessantly formed by the liver, and 
■ntinually discharged into the intestine by the biliar 
Pry duct. It is always to be found, therefore, in greater 
I or less quantity, in the cavity of the alimentary canal, 
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where it caii be easily recognizeii by its yellow color, 
and-by the chemical tests which are employed tQ de- 



ITevertheless, it is poured into tha intestine more 
ahimdantly at the beginning of digestion. At this 
time, and within a few minntes after the food is taken 
into the stomach, the commencing excitement of the 
whole digestive apparatus is communicated to the gall- 
bladder. Its muscular fibres contract, and it thus dis- 
charges the bile which has accumulated within it into 
the upper part of the small intestine. It ia for this rea- 
flon that the gall-bladder is found empty soon after di- 
gestion, and again distended with bile when a long ih- 
terval has elapsed. 

But, after the gall-bladder ia emptied, the liver still 
continufs its activity of secretion, and the bile which it 
produces is still conveyed into the intestinal cavity. 

Here, however, it gradually disappears. Abundant 
in the upper part of the small intestine, it is less so in 
the middle and lower paits, and, finally, it is no longer 
to be recognized either by its color or by its chemical 
tests. Tliese tests also show that it is not discharged 
from the body. It is therefore withdrawn from the ali- 
mentary canal, and taken up by the blood-vessels at the 
same time with the digested elements of the food. 

But before being absorbed from the cavity of the in- 
testine it is changed. Its peculiar ingredients, the bilia- 
ry salts, are transformed into other materials by the ii 
duence of the intestinal fluids, and are then conveyed 
into the current of the circulation. 

We do not know wh^t these new materials are, but 

we know that they are necessary to life; for ii'the bile 

>ted, or if it be prevented from entering the 
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mtcBtlne, the animals bo affected die enfeebled and 
emaeiikted. 

Tbaa the bile passes through the alimentary canal, 
not for the purpose of asBisting in the digestion of the 
food, but in order that its own ingredients may be 
changed and converted into other substances. The 
blood needs these substances for its nutrition, and they 
are accordingly produced by means of the biliary secre- 
tion. 

This is acoompliahed, again, by a double transforma- 
tion. As the muscular flesh of our food ia converted 
first into albiiminose by the stomach and afterward into 
albumen in the blood-vessels, so certain of the elements 
of tlie blood are transformed by the liver into the salts 
of the bile, and these again are changed in the intestine 
into ilfew materials, which are finally absorbed by the 
blood-vessels of its lining membrane. 

65. Formation of Sugar in tha Liver. — Beside the for- 
mation of the bUe, the liver performs also another and 
very important office ; that is, the production of sugar. 
We have seen that when starch is taken with the 
food it is changed into sagar by digestion, and this 
sugar is absorbed by the blood-vessels and thus carried 
into the circulation. But there are many animals who 
never take any starch or sugar with their food. Such 
, are all the carnivorous animals — that is, those who live 
jntirely upon the flesh of other animals. Their food 
I cont^s no vegetable substances, and consequently has 
I no starchy ingredient. • 

Now it is a very ouribna feet that in these animals 
[ the substance of the liver always contains sugar. Even 
I when they have kept for many weeks or months upon 
I no other food than animal flesh, sugar is still found in 
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the tissue of the liver. Furthermore, no other organ 
in the body contains this substance, and even the 
blood with which the liver is supplied is equally desti- 
tute of it. 

Therefore it is the liver itself which forms the sugar, 
in these cases, out of other materials. It would be too 
long a history to describe all the ingenious and careful 
experiments by which physiologists have arrived at 
this conclusion ; but there is now no doubt that in the 
camivorouB animals sugar really makes its appearance 
in the liver, when no such material has been taken with 
the food. 

The same thing is tme of man, and of the herbivo- 
rous or vegetable-feeding animals. For in them also the 
liver contains a certain proportion of sugar, no matter 
what may he the nature of the food consumed^ and 
this proportion is often greater than that which could 
be produced in the digestive process. 

The sugar thus produced is formed in the solid tissue 
of the organ itself This tissue absorbs the nutritious 
materials from the blood, and then transforms a part 
of them into a sacchaiine ingredient, The same tissue, 
as we have already seen, also contains the elements of 
the bile ; and it is for this reason that the livers of cer- 
tam animals, when cooked for food, have at the same 
time a bitter and a sweet taste. 

06. Absorption and Decomposition of the Liver-engar. 
— But the sugar, when once formed, does not remain 
in the liver. l¥ at once begms to, be absorbed by tho 
blood-vessels of the organ, and so, entering the circu- 
lation, passes onward with the blood of the hepatic 
veins toward the heart. Thus, in many cases, the 
blood of the portal vein coming to the liver contains 
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sugar ; while the blood of the hepatic veins, going 
ay from it, is charged with this substance which it 
i absorbed from the tissue of the orgau in ite pas- 



Soon afterward, the sugar disappears entirely. We 

I have already seen how that which is produced by di- 

r gestion is finally decomposed in the circulation ; the 

same thing happens with that which is absorbed from 

the liver. None of it is to bo found in the blood of the 

general circulation. 

In the liver, therefore, there are produced two differ- 

I ent substances, which pass away in two opposite direc- 

j tions : First, the bile, which is absorbed by the biliary 

I ducts, and conveyed downward to the intestine ; and, 

I secondly, the sugar, which is absorbed by the blood- 

I vesselB, and passes upward to the heart. In either case, 

I these secretions are afterward decomposed into new 

!■ finbstances, which finally take their place as ingredi- 

1 ents of the circulating blood, 

QUESTiOSS FOR CHAPTEK VI. 
. Wtftt ia lie Bituation of the llverr 

:. Wllat is [he principal veEsel which Eupplies it with hloodi' 
:. What is the principal secretion produced by the liver? 
. What are the /ofwfefof the lirer? 
':. What dncts originate trom the sabstnace of ibe lobules ? 
i. Where does the bile first moke its appearance in the liver ? 
'. How do ihelobulea produce the ingredients of the bile? 
L Where ia the hile convejed bj the nmin hilioiy diicC ? 
I. WhatistheBilnarionandfarmof [heiraH-i/uiWer? 

0. What is its use ? 

1. At what time does the bile accamulalo in the gnll-blndder ? 

2. How is it changed while remaining in the gall-lilodiler ? 

3. What ia the conaistencj of the bile? its color? 

4. What are its ingredienes? which ore the most important ? 

5. How may the hiliurj sulta be extracted from the hile? 
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16. Is the bile more abundant in camivorons or in herbiyorons an- 
imals? 

17. How mach is prodaced in man dnring twenty-four hours? 

18. Is the bile secreted occasionally or constantly t 

19. At what time is it poured into the intestine most abundantly ? 

20. What becomes of the bile after it is poured into the intestine? 

21. What other substance is produced in the liver beside the bile? 

22. How do we know that sugar is formed in the liver ? 

23. What becomes of the sugar produced by the liver? 
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logredienlB of the Blood. — W-ler. — Salt. — Lime. — Albtnnen. — 
PropertieH of Albiun6n.~Fibiine — its Properiica. — Blood Globules 
— their Fonn — Site — Color — ConHiatency. — While Globules.— 
Quiintity of Jiffereut logredientB in the Blood. — Coagulation of the 
Blood. — Clot. — Serum. — Coagulation dependent on Uio Fibrine. — 
Uie of CoBgulttiion in scoppiige of Bleeding. — Whj Blood docs not 
Coaguialfi in the VeSBCla. — Daily Production and Decomporition 
of Fibrine.— Entire Qoanlity of Blood in the B-idj— its VariatioQ.— 
Variation in CompositioQ of the Blood. — Two diHerent Kinds of 
Blood in the Body. 

We now come to the study of that remarkable fluid 
which contains all the materials necessary for nutrition, 
and provides for the common support of the whole 
body. Nourished itself by the elementa of the digest- 
ed food which it has absorbed from the intestine, it 
compels them to assume a new form on entering the 
blood-vessels, and converts them into its own ingredi- 
entB. Thus it is constantly maintained in a healthy 
condition by the incessant supply of new materials. 

All the processes, therefore, of digestion and absorp- 
tion are subservient to the nutrition of the blood. 

67. Physical Appearance and Composition of the Blood. 
— The blood is a thick opaque fluid, of a rich deep red 
hue, BO peculiar that it may usually be distinguished 
by its color alone. It contains many different ingredi- 
ents, of which the most important arc, first. Water ; 
G 
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second, Mineral aubstances ; and, thfrd, AUntminous 



I 



The water of the blood is what gives it its flnidity, 
For if the water be driven off by evaporation, the other 
ingredients remain behind in the form of a dry mass, 
which would be entirely useless for the purpose of nu- 
trition. Eot in its natural condition the water of the 
blood unites all its other ingredients into a uniform 
liquid, which easily moves through the blood-vessels, 
and dissolves the new substances which are absorbed 
from without. Taken altogether, the water forma rath- 
er more than three fourths of the whole mass of the 
blood. 

The mineral ingredients are in much smaller propor- 
tion. The most abundant is common sail, which we 
know is taten with the food, and is a necessary ingre- 
dient of all the tissues. It forme, however, only about 
four parts in a thousand of the whole blood. The com- 
binations ot Lime, which the bones and teeth require 
for their nouriehmciil, arc found in still smaller quan- 
tity, dissolved in the animal fluids of the blood. Other 
mineral substances of various kinds are also present in 
their requisite quantity, 

But the most remarkable of all the ingredients of the 
blood are its albuminous matters. It is these sub- 
stances which give to it its thick and animal consist- 
ency, and which also act the most important part ii 
nutrition of the body. They are of two different kinds, 
which are naturally mingled together in the blood ii 
liquid form. 

The first of these is the -d/Swjnm, We can obtain a 
tolerably correct idea of the characters of albumen 
from the fresh white of egg, which has received a tami- 
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lar name. This is not exactly tbe Bame thing with the 
albumen of the blood, but Btill the two reeemble each 
other very closely. They may both be coagulated by 
boiling, when they become solid, white, and opaque. 
The principal difference between them is, that tbe fresh 
white of egg is partly gelatinous in consistency, whily 
the albumen of the blood ia perfectly fluid, and may 
readily be made to flow through tbe veins, or to run 
from one glass vessel into another. 

The albumen ia about forty parts in a thousand, or 
one twenty-fifth of the whole blood. It represents, in 
great part, the concentrated nourishment derived ft^ni 
tbe food, for it is probably into this substance that 
most of the albuminose is converted after being ab- 
sorbed fi«m the intestine in the digestive process. It 
is the materia] out of which the tissues of the body are 
afterward formed. 

The other animal matter in the blood is the Mbrine. 
Although this is in very small quantity, viz., only two 
parts in a thousand, it is an exceedingly ciirious and 
imjwrlant ingredient. For it possesses a property 
which does not belong to any other animal substance, 
viz., the pi-operty of " spontaneous coagulation" — that 
is, it will coagulate by itself, without being boiled or 
brought in contact with an acid, or treated by any 
other chemical substance. We shall see hereafter what 
an important character this property gives to the 

But these substances are only the liquid portions of 
the blood. They are all dissolved in each other, and 
form a perfectly transparent and almost coloriuss fluid. 
Beside them there are a multitude of little rounded 
bodiea contained in the liquid mixture, which make tbe 
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blood Opaque, and give to it its red color, Tliey are so 
abnndant that they are crowded together by thousanda 
in each drop of blood, and eo minute that they are only 
visible by the aid of the microscope. They are called 
the £loo4 Globules. 

GS. Qlobulea of tbe Blood. — K we examine a drop of 
blood under the microscope, 
we see the blood globules 
floating in profusiou in the 
fluid parts. Each one ia a 
delicate circular plate or 
disk, somewhat lite a piece 
of money in fonn, only with 
the edges rounded and i-ath- 
r thicker than the central 
part. In human blood they 
Biood-giobttiea ; highly magnifled. are about ^Tnni of ^Q inch in 
diameter when measured across their flat surfaces, and 
about laonn of aji inch in thickness (Fig. 31). 

The blood globnles are exceedingly soft and flexible 
in consistency. In fact they are nearly fliud, like drops 
of very thick oil or honey, only they do not dissolve in 
the other parts of the blood, but retain their own form 
and substance. Consequently, when moving about in 
the fluid, as they often do under the microscope, follow- 
ing accidental currents in the blood, passing through 
narrow channels, and turning comers among the other 
globules, they may be seen to twist about, and beud 
over, and elongate in various ways, and then resume 
their natural figure as before. This peculiar semi-fluid 
and flexible consistency is one of their greatest pecul- 
iarities. 

When seen by transmitted light and in ihin layers. 
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they are of a very pale ajnber color and nearly trans- 
jiarent. Nevertheless they contain all the red color of 
the blood j and when seen heaped together in layers 
only five or eix deep, they show distinctly the ruddy 
color which belongs to them. Beside, if they are sep- 
arated by filtration or any other means, or if they are 
not formed in their natural family, the blood be- 
comes paler, exactly in proportion as ita globules are 
deficient. 

They also communicate to the blood its opacity. Al- 
though each globule by itself is transparent, yet, when 
they are crowded together and mingled with the fluid 
parts of the blood, the whole becomes opaque and ap- 
jiarently impenetrable to light. This is because the 
globules of the blood and its fluid parts are of a differ- 
ent nature and composition. The same thing will hap- 
pen when oil ia emulsioned by a watery alkaline solu- 
tion. The oil is transparent by itself, and the alkaline 
liqnid ia transparent by itself; bnt if you mir the two 
together, the whole becomes white* aod opaque like 
milk. So the globules of the blood and its fluid parts, 
mingled together, produce a thick red and opaque liq- 
uid. 

The red globules are the vivifying elements of the 
blood. They cotnmnnicate to it its animating and 
stimulating properties, by which all the organs are 
maintained in a condition of vital activity. We shall 
understand their action more fully when we come to 
study the whole subject of respiration and circulation. 
We shall then see what is the precise function of these 
globules, and how important an office they perform. 

Beside the red globules, the blood contains other 
little bodies of a different form and aspect. Tliese are 
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the 'white globules. They are very much less numerotia 
than the red, as there are not more than three or fonr 
of them for every thoasand of the others. They are of 
a little larger size, mcasuriug about ^^aa **f ^^ inch in 
diameter, of a rounded form and a finely granulated 
texture. They are usually concealed, for the most part, 
in the greater abuudanft of the red globules. 

When the ingredients of the blood are examined by 
analysis, they are found to be mingled together in the 
following proportions: 

CoMFOaiTION OF TEE BlOOD IN 1000 PABTS. 

Water 795 

Globules IGO 

Albmnen 40 

Fibriae 3 

Other animal matters 6 

Mineral sulwtancas 8 

1000 

69, Coagulation of the Blood. — Such are the proper- 
ties and constitutiou of the blood while circulating ii 
the interior of the body. But if it be withdrawn from 
the vessels, a very remarkable change takes place, which 
alters its whole appearance. 

This change is its Coagulation. 

When a patient is bled from the arm, or is accidents 
ally wounded, the blood runs from the opened vein i 
perfectly liquid stream ; but soon afterward it begins to 
appear thicker than before, and will not run in drops, 
nor moisten the fingers so easily when touched. When 
thia alteration has once commenced, it goes on rapidly 
increasing, the blood growing thicker and thicker, until 
it finally sets into a uniform, firm, elastic, jelly-like mass. 
It is then said to be "coagulated" or "clotted." This 
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chauge is usually complete iii about twenty i 
after the blood has been withdrawn from the veins. 

Now this coagulation of the blood is entirely de- 
pendent upon its fibrine. This substance alone has the 
property of coagulating spontaneously. None of the 
other ingredients can solidify in this way, and if the 
fibrine be taken out, the blood loses altogether its 
power of coagulation. 

But how ia it that the wbole blood becomes clotted 
in a single mass, if this power belongs only to the 
fibrine ? 

It is because the fibrine, though in very Bmall quanti- 
ty, as compared with the other substances in the blood, 
ia diflused uniformly throughout the whole ; and wheu 
it coagulates, therefore, ou beiug withdrawn from the 
vessels, it entangles all the other ingredients with it, 
and holds them impriaoned in its own substance. The 
- water of the blood, accordingly, the albumen, the glob- 
ules, etc., are all mechanically retained by the coagu- 
lating fibrine. 

But not long afterward a partial separation takes 
place between them. The fibrine solidifies still more ; 
and, by contracting upon itself, squeezes out the liq- 
uid portions of the blood from between its meshes. 
Drops of & clear, amber-colored fluid begin to exude 
from ita surface, and these drops, growing larger and 
larger, run together into little pools, which still in- 
crease in size until the entire sui-face is covered with 

I the transparent liquid. The remainder grows at the 
same time smaller and firmer, until at last the whole 
is permanently separated into two parts, a solid and a 

I liquid. The solid part is called the Clot/ the liquid 

I part is the Sentm- 
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K you examine, therefore, a cupful of blood at the end 
of twelve hours after it has been dra\rn from the veins, 
you will see that it is no longer a uniform mass, but ap- 
peal's as a EoUd clot floating in the transparent seram. 

The clot, at this time, is still finn, red, and opaqne, 
since it contains all the globules of the blood aa well as 
the fibrine. For these globulea can not escape from the 
clot, owing to their form and size, and are therefore re- 
tained by the meshes of the coagulated fibrine. The 
fierum, on the other hand, is transparent, and nearly 
colorless. It contains all the albumen, the water, and 
other substances dissolved in them. 

70, Importance of Coagulatios, — Kow this coagnlar 
tion of the blood is a, property of the greatest impor- 
tance ; for it is the only thing which prevents our 
bleeding to death after the slightest incision or injury 
to the blood-veBBelfl, Whenever these vessels are 
opened by an accidental cut in the skin or in the mus- 
cles, the blood at first flows with great freedom, ac- 
cording to the size of the wound. But if we press firm- 
ly upon the injured part with a bandage or with the 
fingers, and then, after a short time, remove the press- 
ure, we find that the bleeding has stopped altogether. 
This is because the thin layer of biood between the 
edges of the wounded vessels has coagulated and 
blocked up the opening. No matter how thin this 
layer may be, it still coagulates; for every particle of 
the blood, however small, contains its due proportion 
of fibrine, and consequently solidifies at the proper 
time. The clot thus formed adheres to the edges of 
the wounded parts, and so acts as a continuous band- 
age or plug, until the tissues have again grown togeth- 
er and become permanently united. 



It is ill this way that the bleeding from all ordinary 
wounds is usually arrested by nature. No matter how 
freely the blood may flow at first, if you keep the parts 
steadily compressed for twenty minutes or half an 
hour, the fibrine will then be coagulated and the bleed- 
ing will atop. 

But when the wound is very deep, or when any of the 
principal arteries have been severed, this means will not 
succeed; for the blood comes with so much force from 
these larger vessels that it can not be kept back by or- 
dinary pressure, and no time is allowed for its perma- 
nent coagulation. Then we must call for the assist- 
ance of the surgeon, who is often compelled to search 
for the blood-vessels in the deeper parts of the wound, 
and to tie up their open mouths with a fine cord or lig- 
ature. Why this operation is successful requires a fai"- 
ther explanation. 

71. Coagulation in the Interioi of the Body. — It is a 
curions fact that the blood will coagulate, not only 
when it is discharged externally, but also even in the 
interior of the body, whenever it is withdrawn from the 
ordinary covrrse of the circulation. Thus, if we receive 
a bruise, and the little vessels beneath the skin are 
torn, the blood which flows from them coagulates in 
the neighborhood of the injury. Any internal bleed- 
ing produces, after a time, a clot in the corresponding 
situation where the blood is efitised. After death, also, 
coagulation takes place in the cavities of the heart and 
in the great veins near it ; and whenever any part of 
the body is so injured as to stop its circulation, the 
blood necessarily coagulates in its vessels. 

Accordingly, when the suigeon places a ligature npon 
a wounded vessel, he stops the circulation through it, 

C4 2 
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The blood is imprisoned in the neighborhood of the lig- 
atnre, and bood afterward coagulates and blocks np the 
cavity of the vessel with its solidified fibrine. After a 
time the ligature separates and is thrown ofF, and the 
wounded parts unite by the healing of the tissues. 

We see, therefore, that the coagulation of the blood is 
a property that belongs to the fibrine, and that it is spou- 
taneous. Aa soon as the fibriue is formed it possess- 
es this property, by which it is distinguished from, all 
other substances. It is not manifested immediately, for 
it reqiiires a certain time for its completion ; but, owing 
to the very nature of the fibrine, wherever it may be, 
within a short period after it is shut ofi' from the circu- 
lation it exhibits this peculiar character, and coagulates 
inevitably. 

Why, then, does it not coagulate in the vessels, and 
thas stop the circulation of the blood? 

To understand this, we must remember that the his- 
tory of all the animal substances in the living body is 
one of incessant change. None of them remain the 
same, bnt all undergo successive transformations. The 
albuminose formed in digestion is no sooner taken up 
by the blood-vessels than it is converted into albumen. 
The oily matters absorbed with the chyle, and the sug- 
ar produced in the liver, are also rapidly decomposed, 
as we have seen, and disappear in the circulation. What 
is destroyed in this way for the purposes of nutrition is 
constantly replaced by a fresh quantity formed in the 
same organs. 

This is also true of the fibrine. That which is circu- 
lating in the blood-vessels to-day is not the same fibrine 
which was there yesterday, but a new supply, freehly 
produced in the process of daily nutrition. It is esti- 
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mated ty physioIogistB tliat all the fibriiie which exists 
in the blood is destroyed and reproduced at leaat three 
times over in the course of a single day. What the 
new substanceB are which are formed by its deoompoei- 
tion is still unknown, for we can not yet follow out 
all the details of these changes which take place so rap- 
idly in the living body. But there ia every reason to 
believe that the renovation of the fibrine in the blood 
takes place as constantly and rapidly as that of its otli- 
■r ingredients. 

The blood, therefore, does not coagulate while the 
circulation is going on, because its fibrine is being in- 
cessantly altered and converted into new substances. 
It has been found that in certain of the internal organs, 
especially in the liver and kidneys, the fibrine disap- 
pears, and that little or none of it ia contained in the 
blood returning from them. When we come to learn 
with what rapidity the circulation is carried on, we 
shall easily understand how coagulation may thus be 
prevented. But if the blood he withdrawn from the 
circulation altogether, or confined in any part by a lig- 
ature, then its fibrine can no longer go through with 
the natural changes of its decomposition, and it accord- 
ingly coagulates, as we have above described. 

72, Quantity of the Blood. — The entire quantity of 
blood in the vesstls is ahout one eighth part, by weight, 
of the whole body; so that in a man weighing 140 
jKiutida, the quantity of blood is very nearly 18 pounds. 
The quantity of blood, however, as well as its composi- 
tion, varies somewhat at difierent times. Soon after 
digestion it is considerably increased; for it has ab- 
sorbed all the nutritious materials taken with the food, 
and these materials must necessarily pass through the 



blood in order to reach the tiBHues. After long absti- 
nence it is diminiahed in quantity to a corresponding 
degree. For the game reason, its composition Taries to ■ 
a certain extent, since its different ingredients will di- 
minish or increase, according as they have been dis- 
charged or absorbed in greater or less abundance. 

13. Effects produced by Loss of Blood.— Only a small 
proportion of the blood in the body can be lost without 
causing a serious effect upon the system. Generally 
speaking, the loss of one pound of blood causes faint- 
nees, and that of a pound and a half or two pounds is 
followed by complete unconsciousness. If the bleeding 
be then stopped, the patient usually recovers; but if a 
still larger quantity of blood be lost, recovery becomes 
impossible. 

When the strength, however, has been very much re- 
duced by exeessive bleeding, it may sometimeB be re- 
stored by injecting into the blood-vessels healthy blood 
from another person. This is called the " Transfusion 
of the Blood." In several instances where the vital 
powers were nearly exhausted, life has been restored by 
this operation. 

74. Two differeDt Mnda of Blood in the Body. — Finally, 
there is a most remarkable difference in the appearance 
of the blood in different parts of the body. In one half 
of the circulation, that is, in all those vessels which are 
called " arteries," it is of a brilliant scarlet hue ; while 
in the " veins" it is of a deep bluish-purple, almost black 
color. These two kinds of blood follow each other in 
the circulation, changing alternately from one color to 
the other; so that, although there is always red blood 
in the arteries, and always blue blood in the veins, yet 
the same blood is alternately scarlet and purple, as it 



passes from one aet of vessels into the otlier. This leads 
us, in the next place, to the subject of Respiration. 

QUESTIONS FOR CQAPTEB Vn. 

1. Wliot fluid providee for the nonruhment of the whole body ? 

2. What in the pbj^sical appearance of the blood ? 

3. What are its itigrediontH ? 

4. What la the nae of Ihe voter of tho blood ? 

Ti. What is the proportion of vratei ia the blood ? 

fi. What are the most important nrineru/ ingredients of the blood ? 

7. What are the properties of the allmmen of the blood, and htm* 
doea it diSer from the white of egg ? 

8. What is the proportion of albumen in the blood? 

9. What ie its use ? 

10. What is the disdnguisbing peculiarity otJibrimT 

1 1 . What is the appearance of the blood globules f their consiBtency ? 

15. Does the culor of the blood reside in the liqnid parts, or in the 
blood Elobulea 7 

13. What change lakes place in tho blood when it is witlidratvn 
from the vessels? 

14. Which of [be ingredients of the blood causes lis coagulation 7 

16. DeKCribe the separation of the blood into i:/[ir and servta. 

15. What does the clot contain 7 What does the serum coutoin ? 
I T. How does the coagulation of the blood control bleeding ? 

18. What should be dune to check the hlceding from a wound of 
moderate size ? 

19. What must be done when a large artery is wonnded7 

20. Whj does not the blood coagulate while circulatiag in the ves- 

Sl. How rapidlj is the flbtino of the blood destroyed and repro- 
duced? 

22. In which of the internal organs does it disappear? 

23. Why does it coagulate when shut olf from rhe circulation 7 

24. What is the quantity of blood oonlained in the whole body 7 
2G. What effect is produced by an excessive toss of blood 7 

2C. What is the operation of " trtmsfumon T" 

27. What two difftrent Undi o/llood are Iba-e i« lAe bods? 
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The OxyeenoftliB Air— ii3 Necessity to Life. — Nfltnre of Eespimtion. 
— The Lungs — their Slnicture. — LarjTix. — TrBchea.^Brouchinl 
Tubes. — Lobnies. — Air VesLoles. — MoTement of Inapiration, — 
Tho Diaphragm — Its Contracticii. — Entronce of (he Air. — Inter- 
coBta] Mueolea. — Motion of the Eibs, — Movement of Espiratioii. — 
El]Uticily of the Lungs. — Qaiuitity of Air used in Eeapiration. — 
Movements of Beapiratioii in voluntajy.— Effect of Beapiration on 
the Blood. — Ita Chttnge of Color, — Venons BlootL — Arterial Blood. 
— Absorption of OxygeD in the Lungs.— Loss of Oxygen in the 
Tissues. — Cttrhonic Acid — whore formed, — Discharged with tha 
B«4t!i.— Ahiraa! Vnpor. — Watciy Vapor. — Ventiktion. ^Ventilft- 
tion by Doors and Windows — by Fires and Chimneys — by other 
Means. — Necessity for complete Ventilation. 

75. Oxygen. — In the air which surrounds us, pene- 
trating into the minutest crevices, and distributed ev- 
ery where over the surface of the globe, dissolved in 
the water, and diffused throughout the atmosphere, in- 
visible but omnipresent, there is a substance of singular 
activity, and endowed with a most prominent part in 
the operations, of nature. It forms and destroys odor- 
iferous vapors, it corrodes tho metals, it crambles the 
texture of woody plants, it decomposes all dead and de- 
caying materials, and it devours the aubstance of burn- 
ing bodies. It is every where active, and every where 
ready to produce some new change in the materials of 
the inorganic world. . Tliis substance is Oxygen, 

Oxygen is equally important in the organic world- 
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No animal can live without it; and it ie incessantly in 
operatioD, uuitlng with the tissues, and forming a mul- 
titude of internal combinations which are necessary to 
existence. Furthermore, th^ activity of life in differ- 
ent kinds of animals is in exact proportion to the in- 
tensity with which they receive the influence of oxy- 
gen. The more sluggish of them, such as worms, sbell- 
fish, and reptiles, require hut little of it, and will still 
survive when deprived of it for a short time. But the 
mora perfect the organization of the animal, and the 
more active its temperament, the more constant and 
Imperative is its demand for oxygen. Li the quadru- 
peds, in the birds, and in the human species, where the 
circulation is rapid and the movements vigorous, and 
where all the functions of life are in active operation, 
this substance is the first and most indispensable req- 
uisite to existence. With them oxygen is a food which 
must he incessantly supplied, for if it be withheld for 
only a few minutes together life inevitably comes to 
an end. 

78. The Atmoaphere and ReBpiration. — Now the great 
reservoir of oxygen, and the source from which it is 
constantly derived for our use, is the atmosphere. 

Oxygen does not exist, however, in the atmosphere 
by itself. On the contrary, it is mingled there with 
another substance which is more abundapt than it, but 
which does not possess its active properties. TJiis sub- 
stance is termed "Nitrogen." The quantities of the two 
are in such proportion that there is one part of oxygen 
to about four parts of nitrogen. The atmosphere, there- 
fore, is a mixture of these two gases, in which the oxy- 
gen, which ia active and powerful, is diluted with the 
nitrogen, which is mild and inert. 



Consequently we depend directly upon the atmos- 
phere for the maintenance of life. If it be withdrawn 
or shot out from na in any way, we die within a ahort 
- time, because we are deprived of the oxygen ^hich is 
essential to our existence. 

The manner in which the air serves to support life is 
by penetrating into the interior of the body, into cer- 
tain organs which are adapted for its reception. These 
organs are called the " Lungs." The air is di-awn into 
them Tpith the breath, and immediately after exhaled 
again, to give place to a fresh supply. This action, by 
which the air is introduced into the lungs, and there 
used for the maintenance of life, is the process of 
Sespiration. 

Let us see, first, how it is that the movements of 
respiration are accomplished ; and, secondly, what are 
the ehangea thus produced in the interior of the body. 

77. The Organs of Respiration. — The lungs are two 
large and exceedingly vascular organs, situated in the 
cavity of the chest, one on each side, aud extending 
from about the level of the collar-bone to just below 
the region of the heart. They are " spongy" in their 
texture — that is, they are filled eveiy whei-e with little 
cavities, imperfectly separated from each other by slen- 
der partitions, like the tissue of a sponge. Each one 
of these cavities is filled with air ; and so minute are 
they, and so closely packed together, that the whole 
substance of the lung is thus filled with small air-bub- 
bles, disseminated every where through its tissue. If 
you talfe a piece of the lung, therefore, such as that 
of an ox or a sheep, and press it between the fingers, 
j-ou will perceive a fine crackling sensation, owing to 
I he partial dislodgment of these minute bubbles of air. 
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For the same reason, the tiasae of the lung, unlike 
that of any of the other organs, will float ill ivater. 
The substance of other organs, being solid and heav- 
ier tha#water, sinks at once to the bottom; but that 
of the Ivmgs, every where infiltrated with Mr, 19 buoyed 
up by it, and floats lightly upon the sui-faee. 

These minute cavities, containing the air-bubbles just 
described, are called the " air vesicles" of the lungs. 

Now the air which is thus disseminated through the 
lung has been derived from the external atmosphere. 
For the cavities of the lungs communicate with the ex- 
terior through certain channels or iur passages, called 
respectively the Larynx, the TVowAeo, and the Sron- 
chial Tubes. 

The larynx is a firm cartilaginous box or framework, 
situated directly at the front of the upper part of the 
neck, where It forms an angular prominence which is 
easily felt by the fingers. Internally the larynx is hol- 
low, and communicates with the back part of the throat 
by a narrow chink or crevice, which is termed the 
" glottis." Through this chink the air passes from the 
nostrils and back part of the throat into the larynx. 

From the larynx it passes doivnwavd into the trachea. 
This is a straight rounded tube, about an inch in di- 
ameter, which runs from the lower end of the larynx 
directly downward along the middle of the neck to the 
upper part of the cheat. It is formed of membranous 
walls; but these are held apart, so as to secure a free 
passage for the air, by a scries of elastic cartilaginous 
rings imbedded in their substance. 

As the trachea enters the cavity of the chest it di- 
vides, right and left, into two tubes or "bronchi,' 
of which goes to each lung. Arrived at the lungs, the 
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bi-oncLi themselves break up into smaller divisions, 
wbieli are the "bronchial tubes;" and these tubes con- 
tinue to separate into still smaller branches and ramifi- 
cations. Each ramification of the bronchial tubes tei-m- 
inatea at last in an oval sac or bag, separated in its in- 
terior into various divisions or compartments, into which 
the air penetrates from the end of the bronchial tube. 




These oval-shaped sacs are called the "lobules" of the 
lung, and, united together, make up its entire substance 
(Fig. 32). 
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Pig. ,5_ Finally, each lobiile is itself 

composed of a group of email 
rounded caTities, called the "air 
vesicles," formed by the divia- 
a or partitions which project 
I from the inner surface of the 
lobule. Thus all the air Tesiclea 
contained in a lobule communi- 
cate with the central cavity of 
the lobule itself, and through it 
with the end of the bronchial 
tube (Fig. 33). 

Now these divisions and ram- 
fications of the interior of the 
lung produce a very large es- 
- which the air comes in contact 
with its tJBBue. Each air vesicle is only about -^ of an 
inch in diameter; and we can easily understand, there- 
fore, how many of them may be contained in an or- 
gan of the size of the lung. But each one of these air 
vesicles is in contact with the air over its whole inter- 
nal surface, and all these surfaces combined must be 
very extensive. It is estimated by anatomists that the 
whole internal surface of the lungs, if spread out, would 
be many times greater than the whole external surface 
of the akin. 

No doubt this is true. The page of an ordinary book, 
of the octavo form, represents about one third of a 
square foot. Such a book, one inch thick, will contain 
at least 400 pages, and will accordingly represent, alto- 
gether,a surface of 133 square feet. If you take outof 
the book every alternate leaf, so as to leave a layer of 
air of the same thickness between all the rest, there 
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will Btill be remaining, in contact with the air, a com- 
bined surface of 66^ square feet, which is very nearly 
foar times the whole external surface of the human 
body. 

The tissue of the lang, however, is much more deli- 
cate and complicated than the pages of a book, and is 
capable of much greater extension within the limits of 
the eamc space. 

Thus the air passes from without through the larynx, 
trachea, and bronchi; and, following the successive di- 
versions of the bronchial tubes, arrives at last in the 
cavities of the lobules and air vesicles. It thus pene- 
trates throughout the tissue of the lung, and is dissemi- 
nated over the immense extent of its internal surface. 

V8. MovementB of Eespiration. — But what is the mech- 
anism of respiration, and how is the air constantly re- 
newed in the interior of the eliest? 

It is by a double movement, by which the air is alter- 
nately drawn into the lungs and again expelled from 
them. These two acta are called the movements oflitr 
spiration and the movements of Expiration. 

First, the movements of Inspiration. 

The lungs, as we have seen, arc inclosed in the cavity 
of the chest, and communicate with the exterior only 
through the bronchial tubes and the trachea. Now the 
cheat is separated from the abdomen by a strong mUa- 
cular floor or partition, which is attached to the edges 
of the lower ribs in front and at the sides, and to the 
spinal column behind. Thia partition is the Diaphragm, 
It has an arched or vaulted form, so that its middle 
portion is higher than its edges, and projects upward 
like a dome into the chest. Above this arched portion, 
in the chest, are placed the lungs ; beneath it, in the 
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abdomen, are the stomach and liver. When the dia- 
phragm is at rest, these organs remain undifitarbecl in 
their position. 

But the diaphragm is a muscle. Its fibres radiate 
every where from its central portion outward and down- 
ward, to be inserted into the fiim edges of the ribs 
and the spinal column. When they contract, therefore, 
they draw the central part of the diaphragm down- 
ward, and the arched floor of the chest descends toward 
the abdomen. In ita descent the diaphragm pushes be- 
fore it the liver and the stomach ; and at the same time 
the lunga follow its movement from above, and expand 
with the air which flows into them through the trachea. 
This is the movement of inspiration. 

Accordingly, at the time of inspiration, we can feel 
that the abdomen protrudes, while the air passes in by 
the mouth and nostrils. 

Now the air is drawn into the lungs at this time by 
the force of suction. It ia not a violent action, how- 
ever, hut is accomplished by a gentle and easy move- 
ment, owing to the elasticity of the atmosphere, which 
enables it to penetrate every where where there ia a 
space open to receive it. A little explanation will 
make this evident. 

If you move a book from one end of a table to the 
other, it displaces the. air from the spot in which it is 
deposited ; but, on the other hand, the air at the same 
time occnpiea the space which the book has left. If 
you walk a few steps in any direction, the air, displaced 
by the movements of the body, fills at once t)ie spot 
left vacant by the body itself. The air is so movable 
and elastic that, so long as suflicient spaue ia allowed 
it, it takes indifferently either position. 
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Id the same way, if you take an empty syringe, hold- 
ing it upright, with the nozzle pointing upward, and 
then draw down the handle of the piston, as the piston 
descends the air follows it from aliove, entering through 
the nozzle into the interior of the syringe, jnat as it 
passes into the lungs through the trachea during the 
descent of the diaphragm. 

But, in order that this may happen, a apace must be 
open for the air to move freely, both inside and outside 
the cavity which is to be filled ; for if this space be not 
open to it, its resiBtance will be re-enforced by the prcss- 
urB and elasticity of the entire atmosphere. When the 
lungs are full, close the mouth and noatrils firmly with 
one hand, and then try to compress the cheat by the 
strength of the muscles. You can not ; because the 
air within the chest has no exit, and resists, therefore, 
with the whole force of its elastic pressure. When the 
lungs are empty, on the other hand, close the mouth 
and nostrils as before, and endeavor to expand the 
chest. Ton can not ; for the air outside the cheat is 
unable to find an entrance, and resists with a pressure 
which is greater than the entire force of the muscles, 

Bnt when there is no obstacle to the free movement 
of the air, no resistance is ofiered by its pressure. The 
muscles have only to overcome the weight and elastic- 
ity of the organs set in motion, and the air then follows 
the movements of the diaphragm as gently and easily 
as a door swings upon its hinges. 

The action of the diaphragm in inspiration is aid- 
ed, at the same time, by the movements of the ribs. " 
The ribs are of a curved form, and encircle the chest 
with a kind of bony cnirass or framework (Figure 34). 
They slant outward and downward, and overlap each 
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other from above down- 
ward, somewhat lite the 
shingles on the roof of a 
house; only the adjacent 
ribs do not touch each oth- 
er, bnt are separated by a 
narrow space which ia fill- 
ed by so many intervening 
muscles. These mnacles, 
being situated between the 
ribs, are called the " inter- 
costal muBcles." They 
contract at the same time 
with the diaphragm, and, 
by shortening their fibres, 
they lift the ribs mid ex- 
pand the cavity of the 
imn. with the chest from side to side. 

Thas during the act of 
n we can feel the chest rise and fall, as the 
inward and outward through the passage of 
the lungs (Pig. 35). 

The movement of Inspiration is immediately follow- 
ed by the movement of Expiration. 

As Boon as the lungs are filled with air by the ac- 
tion of the intercostal muscles and the diaphragm, 
these muscles are relaxed, and the air is again expelled 
through the same channels by which it entered. 

This is accoHiplished principally by the elastic re 
tion of the lungs. For throughout the tissue of these 
organs there are disseminated a great number of mi- 
,»ute fibres, which have the property of elasticity in a 
bigh degree, and which therefore oommnnicate this 
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Pig. 3*. 




property to the lunga themeelveB. The air vesicles 
and lobules are in this respect like so many little India- 
rubber bags ; and ailcr being filled with air they react 
upon it at the. moment of expiration, and expel it by 
their own elasticity. 

Beside this, the walls of tho abdomen, pushed for- 
ward by the descent of the diaphragm, return to thetr 
places when this muscle is relaxed, and the liver and 
the stomach rise again to their former situations. 
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Tims the movement of inspiration is an active move- 
ment, produced by the contraction of the diaphragm 
and the intercostal musclea ; that of expiration is a 
passive movement, caused by the elastic reaction of 
the lunga and the walls of the abdomen. These two 
movements follow each other alternately, with the suc- 
cessive contraction and relaxation of the respiratory 
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The movements of respiration are performed slowly 
but constantly. Under ordinary circumstances, a man 
breathes naturally about twenty times per minuto. 
These motions are increased in frequency by any mus- 
cular exertion, but afterward return to their former 
regularity, 

79. Quantity of Air used in BeBpiration. — At every 
respiration twenty cubic inches of air (^ of a- pint) are 
taken into the lunge. If we count the entire nnmbor of 
respirations in a day, including those caused by mus- 
cular exertion, this will give about 600,000 cubic 
inches, or 350 cubic feet of air which passes and re- 
passes through the lungs in every twenty-four hours. 
This is nearly eighty times the bulk of the whole 

80. Oharactei of the Respiratory Ifovementfl. — The 
movements of respiration ai-e invnluntnri/. The dia- 
phragm descends and the cheat expands without any 
exertion of the will, and even without our knowledge. 
From the instant of our birth to the last moment of 
existence, during the activity of our waking hours and 
in the unconsciousness of sleep, they continue in mitir- 
ing and ceaseless operation. For the necessity of respi- 
ration is not occasional, but incessant ; and the perform- 

of this function, therefore, is not confided to the 
II 
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win, bntb provided for by an inroliiDtary act iod, which 
requires no attention and prodaces no fattgae. 

It is tme that we can eiereise a partial control over 
tbe moTementfi of respiration ; that is, we can hasten 
or retard them at wilt Ent this is only for a very 
abort time. If we try to breathe mncfa more rapidly 
than is natural, gay one hundred times a minute, we 
shall soon find how laborioas and exhausting the move- 
ments become. On tbe other hand, if we stop respira- 
tion altogether, we at once feel an internal impulse 
which calls for its renewal, and which grows rapidly 
stronger and more imperative, until it becomes at last 
irreaistible. There are few persons who can voluntari- 
ly suspend the breath for more than thirty or forty 
Beconds at a time. 

Such b the manner in which the movenients of respi- 
ratioD are porformed. Now let ua see what happens 
while the air is thus taken into the cavity of the chest. 

31. Change in the Air during Bespiratlon. — Inthefiret 
place, as the air penetrates into the lungs it is robbed 
of its oxygen. This substance disappears, so that the 
air which has once been drawn into the chest, and again 
expelled with the breath, no longer contains it in due 
proportion. 

What has become of the oxygen which thus disap- 
pears from the air in respiration ? 

It is absorbed by the blood. For the blood-vesselB 
coming to the lungs are diatrihated every where in the 
minute spaces between the air vesicles, and envelop 
their walls with an abundant vascular network. If we 
recollect the great extent of surface represented by the 
tissue of tbe lungs, we shall see that the blood cireulatr 
ing in their vessels is spread out over a corresponding 
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surface; and that, in a thousand minute currents, it 
moves through the lungs almost in contact with the 
air contained in the vesicles. It ia aa if the blood were 
spiinkled through the air in a fine shower; so that ev- 
ery particle of the blood and every particle of the air are 
brought into the closest proximity. At this moment 
the oxygen leaves the air and enters the blood over the 
whole internal surface of the pulmonary tissue. 

62. Chang^e in the Blood during Respiration, — At the 
same time a most remarkable change takes place in the 
blood itself. 

The blood which is distributed to the Inngs is venous 
blood. It is that which has already circulated through 
the organs and tissues of the body, and has served for 
their nutrition. From them it ia collected by the veins, 
brought back to the heart, and from the heart distribu- 
ted to the lunga. At this time it ia of a dark blue or 
pui-ple color, approaching to black. 

Now, as this venous blood enters the longs and takes 
posaeasion of the oxygen contained in the air vesicles, 
it changes from a dark blue to a brilliant scarlet color. 
This change is instantaneous and complete ; so that the 
btood, aa it leavea the lungs on one side, is entirely dif- 
ferent in appearance from that which is entering them 
on the other (Fig, 36). 

After the blood has passed through the lungs and 
las changed its color from blue to red, it returns to the 
heart, and is again distributed throughout the body by 
another set of vessels, which are called the " arteries." 

Accordingly, there are always two kinds of blood in 
the general circulation, of different colors and occupy- 
ing two different sets of vessels. The blood in the veins 
is blue, and ia call6d Venous blood ; that in the arteries 
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is red, and is csiiled Arlertai blood. Tho blood is also 
conBtaotly changed from venous to arterial while pass- 
ing through the vessela of the lungs. 

It is for this reason that the lips turn porplc and the 
face assumea a dark ashen color whenever the breath- 
ing is serioualy obHtmcted. For the blood, no longer 
becoming arterialized, retains its venous hue and com- 
mnnicates a dark color to all the transparent and vas- 
calar tissues. 

But the change in color is not the only difference be- 
tween these two kinds of blood. The venous blood, 
which has already circulated through the body, has 
lost its vital properties. It has expended a part of its 
substance in the nourishment of the tiesnes, and is no 
longer fit for the maintenance of life. 
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What is it that the blood haa thus lost in pftSBiog 
through the tissues which is necessary to its vitality ? 

It is its oxygen. 

For the arterial blood, aa It passes out from the heart 
to be distributed throughout the body, carries with it 
the osygen which it has absorbed in the lungs. It ar- 
rives at the tissues charged with this vivifying princi- 
ple, and the tissues immediately seize upon it and ap- 
propriate it to themselves. Thus the blood, as it passes 
through the oirculation, gives up its oxygen and returns 
to the venous condition. There is, therefore, a double 
change going on incessantly in the blood in the differ- 
ent parts of tlie body. In the tissues it loses oxygen, 
and changes from red to blue ; in the lungs it absorbs 
oxygen, and changes from bhie to red. 

83. Action of the Blood Globules in Respiration. — Now 
the ingredients of the blood which are most active in 
producing this change are the Jilood globules. It is 
these little bodies which take the oxygen from the air, 
and fix it in th«ir own substance for the renovation of 
the blood. They are the carriers, which load them- 
selves with oxygen in the lungs, to transport it after- 
ward to distant parts in the current of the circulation. 
As all the color of the blood resides in them, we easily 
Bee why this color should change with the changing 
constitution of the globules themselves. 

It is by the process of respiration, accordingly, that 
the blood is kept constantly renovated and restored to 
the arterial condition. 

84. Quantity of Oxygen Consumed. — The importance 
of oxygen to the living body is shown by the quantity 
which ia consumed. At every inspiration one cubic 
inch of oxygen is withdrawn from the air and absorbed 
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by the blood. Tliia amoonta in the course of an entire 
day to about 17^ cubic feet, or by weight a little over 
one pound. 

86. Evolution of Caibonic Acid. — But, at the same 
time that oxygen is absorbed from the air in respira- 
tion, another substance makea its appearance in the 
InngH, and is expelled with the breath. This is Gar- 
bonie acid. It is a gas, like oxygen, but differing from 
it in its properties. It ia the same gas which is formed 
in the fermentation of bread, wine, beer, and all sub- 
stances containing sugar. It is produced from burning 
coal and candles, and many other combustible bodies. 
It is sometimes exhaled from the surface of marshy 
pools, and oiten collects at the bottom of old wells. It 
is not fit for respiration ; and when a man is accidental- 
ly caught in an atmosphere composed of carbonic acid, 
as Bometimes happens in cleaning beer-vats or in repair- 
ing old wells, he at once becomes insensible, and soon 
dies by snfibcatlon. 

This gas, as we have said, is found in^he breath. No 
less than one twenty-fifth part of the air passing out of 
the lungs consists of carbonic acid. This is immediate- 
ly diffused through the atmosphere, or carried away by 
its movements; and the fresh air then taken into the 
lungs is again loaded with carbonic acid and expelled 
in its turn. Tliis process goes on with every successive 
respiration; so that in the course of an entire day the 
amount of this gas discharged with the breath ia near- 
ly 15 J cubic feet, or by weight about one pound and a 
hal£ 

Now the carbonic acid so produced is formed in the 
tissues. It is absorbed fi-ora them by the blood, carried 
by the blood to the lungs, there exhaled into the pul- 
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iQonary vesicles, and finally discharged with the breath. 
It is a useless and exhausted material which the tissues 
have rejected; and which is therefore e!q)elled from the 
body in the process of respiration. 

86. Eizhftlation of Water and Animal Vapors with the 
Breath. — Beside carbonic acid, the breath also contains 
a peculiar animal vapor, which is produced in the inte- 
rior of the body. Thougli this vapor is in very small 
quantity, it is sufficient to give to the breath a faint 
but perceptible odor. There is also some water dis- 
charged from the lungs in a gaseons form. The breath 
therefore is damp; and if we breathe upon a mirror, its 
polished surface becomes dimmed from the deposit of 
the watery parts of the expired air. lu warm weather 
the moisture thus exhaled with the breath is imper- 
ceptible, because it ia perfectly gaseous and transpar- 
ent i but if the outer air be cold it is immediately con- 
densed and becomes visible. Thus, on a winter's day, 
when the temperature of the air is low, the breath may 
be seen as a white cloudy vapor, issuing from the mouth 
and nostrils and diffusing itself in the atmosphere. 

87. Ifeceasity fbr Fresh Air and Ventilation. — From 
all that has been said, we see that the first and most in- 
dispensable requisite of health, and even of existence, 
ifl s constant supply of fresh air. Nature has provi- 
ded for this, BO far as the mechanism of the body is 
concerned, by the unceasing play of the movements of 
I'espiration, by which the air within the chest is renew- 
ed with every breath. If the air were not thus re- 
newed, it would at once become altered and contami- 
nated, and consequently incapable of supporting life. 

The same thing, of course, would take place outside 
the chest. If we remain shut up in a close apartment, 
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breathing the same air over and over again, witli every 
respiration it Iobcb a part of its oxygen and becomes 
contaminated with carbonic acid. As we know how- 
much oxygen is conaiimed with each respiration, we can 
easily calculate how long it wili be before the whole of 
it in the atmosphere will be exhausted. At the same 
time the carbonic acid continues to accumulate, and 
thus the air confined in the apartment is constantly 
degenerating, until it becomes totally unfit to support 
respiration. * 

We must therefore renew the air in our houaes and 
apartments, as carefully and thoroughly as it is renew- 
ed in the lungs by the movements of respiration. 

The method by vfhieh this is accomplished is called 
Vmtilation. 

The ventilation of an apartment or of a house con- 
BiBts, like the roBpiratory movementB, of a douWe pro- 
cess, viz., the introduction offrcBhairfrom without, and 
the discharge of the contaminated air -from within. It 
is effected by means of doors, windows, and chimneyB, 

In order that ventilation may be effectual, every 
apartment should have doors or windows upon two op- 
posite sides, in order that the fresh air may pass com- 
pletely through it, and thus remove every vestige of 
foul atmosphere. In the warm summer weather, and 
in ordinary apartments, this is nearly always sufficient, 
since both doors and windows are usually opened often 
enough to secure an abundant supply of air. But in 
winter, wlien the doors and windows are closed for & 
great part of the time to exclude the cold, other means 
are necessary. Ventilation is then aided by means of 
£ res and chimneys. 

Cliimneys produre ventilation in this way. The air, 
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I heated by the burning ftiel in the fire-plaoe, risea in the 
I chimney, and the chimney itself becomes warmer than 
I tlje rest of the building. A permanent current of 
r ia thus established, which constantly rises 
through the ciiimney and is discharged from its upper 
extremity. This is the " draft" of the chimney. The 
hotter the fire, the more rapid and powerful is the draft, 

»and the more complete the ventilation. For fresh air 
at the same time finds its way into the apartment 
through all the minute openings and crevices of the 
doors and windows. We can not seal up these open- 
ings sufficiently to exclude the air, so long as a heated 
current is constantly driven upward through the fire- 

I place and the chimney. 
A fire, burning in an open fire-place, is therefore the 
test' and most effectual means of ventilation. Other 
methods of warming an apartment, such aa close stoves, 
or iron pipes filled with hot water or steam, have no 
Snch good effect, for they produce no current. The at- 
mosphere is warmed by them, but it does not move ; 
and the air consequently remains in the apartment, im- 
perfectly renewed and consequently vitiated by respi- 
i ration. Such contrivances frequently economize fuel, 
bnt they economize it at the expense of something 
which ia much more valuable, viz., the air and its oxy- 

»geD, which are necessary to life. 
But, beside this, in every inhabited dwelling-house, 
ventilation should be further secured by free opening 
of the doors and windows, and liberal admission of the 
external air at least once every day. For in every such 
house there are other sources of contamination for the 
I atmosphere beside respiration. The preparation of the 
food by cooking, the cleansing of the apartments, and 

II a 
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the unavoidable daily accumulation of refuse of various 
kinds, produce emanations which are harmless when 
fresh, but which become offensive and injurious if al- 
lowed to remain and stagnate. We may be sure that 
no atmospltere is wholesome where any of these atagnor 
ting odors are p^ceptible. A house should therefore be 
swept throughout, each day, by a current of fresh air 
sufficient to maintain the cleanliness and salubrity of 
its atmosphere. 

Still farther means are requisite in apartments where 
large numbers of persons are collected together; aa in 
school-rooms, lecture -rooms, theatres, and manuiacto 
ries. Here the contamination of the atmosphere is 
more rapid, being in proportion to the number of per- 
sons present. For the respiration of ten men will ex- 
haust the atmosphere ten times as rapidly as that of 
one ; and the quantity of air which would last a single 
person for five hours, in an audience of three hundred 
would be consumed in exactly one minute. The means 
of ventilation in these cases, accordingly, mast be very 
much greater, in proportion to the size of the apart- 
ment, than in those used for ordinary habitation. Lai^e 
openings are usually made in the walls or ceiling, lead- 
ing into flues or passages which rise to the roof These 
flues should be conducted alongside the chimneys, in 
the walls of the building ; so that, being warmed by 
their contact, they may serve as so many additional 
chimneys to carry off the vitiated air of the apartment. 
In addition to this, a rotary fan, driven by machinery, 
is often employed to secure a constant supply of fresh 
air from without. 

Whatever means of ventilation are employed, we 
may judge of their success by a very simple criterion. 
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' After the apartment has been occupied Jbr an hour, its 
atmosphere should be aa pure as it was at first. Any 
veDtilalion which is lees than this \s. insufficient; for 
every impurity which has collected in the air must 
necessarily be breathed by the occupants, and accord- 
ingly must vitiate their respiration to a corresponding 
degree. 

The function of respiration, as we have seen, is a 
double process of absorption and discharge. It snp- 
plies incessantly to the body the oxygen which is nec- 
easary to life, and expels from it at the same time the 
carbonic acid produced in its tissues. It is by this pro- 
i«esa that the arterial blood is constantly renewed, and 
.enabled to perform its natural office in the circulation. 

QUESTIONS FOR CHAPTER VIII. 

1, VHiat uBtarnl salistancc is the most indispensable lo life? 

2. From what source is oxygen most abiindaully obtDined? 
S. What other substance does tlio atmoHphcre contain beside oxy- 
gen? 

4, Which of these two gases is moat abnndnnt in the fltmosphere, 
oxygen or nitrogen ? 

5. Which of them is the BcdTe ingredient, aud which la compara- 
tirely inert? 

Wb; is it &ta1 to an animal to deprive it of atmoapheric air ? 
What is the function of reupirotion t 
What are the organs of respiration ? 
What is the stniciuro of the lungs ? 
10. What is contained in the minnte cavities of the lungs? 
■ Through what passages is the air introduced into the lungs ? 

12. What is the larynx, and where is it situated ? 

13. What is the narrow opening called through which the air pass- 
ito (he larrtix 7 

\. What is the form and stmctnre of the trachea f 
i. What is the nse of the cartilaginous rings of the t.niehen ? 
i. What are the bronchi f the bronchial tubes f the klrnka t and 
lir veiiciea of (he lungs ? . 
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IT. What is tlie object of the diviBion and nmllipticstion of the 
bronchiitl tubes and air vesicles ? 

IB. What are the two movemoiita bj which the air is drawn into 
and expelled from the Inngs ? 

19. What moBcle forms the flcnr of the chest 7 

20. What is the form of the diaphragm ? 

21. When the diaphragm coatracis, how is its form altered ? 

22. What efiect does Ihu have upon the longs 7 Khat upon the or- 
gans of the abdomea ? 

23. By what force is tho air drawn into the langs when the dia- 
phragm descends? 

24. Is this a violent or a gentlu action ? 

25. How do the ribs move at the dme of inspiration ? 

26. What ronscles serve to lift tho ribs in inspiration ? 

27. What follows when the movement of inspiration comes to an 
end? 

ir expelled from the cavity of the lungs 1 
IS of respiration is an oi:tive, and which 



28. By what force is the 

29. Which of the 

30. How many respiratit 

31. By what are 

32. How much 



isually performed per minate 7 

of respiration accelerated ? 

iduccd and expelled at each respira- 



S8. What is the average qoantity of ajr used in tweoty-rom- hours ? 
34. Are the movements of respiration voluntaiy or involuntary? 

85. What substance disappears from the air in respiration ? 

86. What becomes of the oxygen which disappears in the Inngs ? 
37. What effect does this have apon the color of the blood ? 

88. What is venous blood ? and what is artenal blood ? 

39. Why do the lips tmn purple when respiration is obstructed ? 

40. What change takes place in tba hlood while circnloting through 
the tissues? what is the function of the bhodghbukst 

41. Uow much oiygen is consumed by respiration in twen^-tbur 

42. What snhstance is exhaled frora the lungs in respiration ? 

43. From what other sources is carbonic acid produced ? 

44. Is carbonic acid capable of snstaioiug life ? 

45. What proportion of carbonic acid is contained in the breath at 
each expiration? 

46. How much is discharged from the body in twenl.v-foHr hours? 
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47. Where does the carbonic add come from which is exhaled with 
the breath ? 

48. What other substances are exhaled with the breath beside car- 
bonic acid ? 

49. What gives the breath its odor t 

50. What makes it cloudy upon a cold day ? 

51. What effect is produced upon the air by continued respiration 
in a confined space ? 

52. What is ventilation t 

53. What is the most effectual means of ventilation? 

54. Why are close stoves, hot water, or steam-pipes bad means for 
warming an apartment ? 

55. Why should a house be also ventilated every day by opening 
the doors and windows ? 

56. Why should the means of ventilation be increased in school- 
rooms, lecture-rooms, etc. ? 

57. What is the necessary rule or criterion for sufficient ventilation? 
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CHAPTER IX. 

THE CIBCUn-ATION. 
The Organs of Circulation. — The Heart — its Mnscttlar Fibres.— 
Auricles. — Ventritlea. — Pulmonary Artery. — Aorta. — MOTement 
of the Blood through the Heart. — Concractioik of the Heart— its 
Eelaxatioa, — Valves of the Heart. — Ventricukr Valves. — Somilu- 
oar Vali-es. — Action of the Heart involuntaiy. — The Arteries. — 
Arch of the Aorta. — Distrihntion of the Arteries — thdr Elasticity. 
— The Pulse — bow felt. — Rapidity of the Pulse. — Pressure on the 
Blood in the Arteries. — The Capillaiios. — Capillary Netwoiic — 
Circulation of ito Blood in the Capillaries. — The Veins — their 
Valves. — Movement of the Blood in the Veins. — Obstruction of the 
Cirsulfttion hy rompressing the Veins. — H^idi^ of tbe Circula- 
tion. ^Its local Vaiiations. 

88. Circulation of the Blood.— The blood, enriched by 
the products of digestion, and arterialized by the influ- 
ence of the air, is the medium through which the nour- 
ishment of the whole body is accomplished. It is des- 
tined to visit every part of the system, and to supply 
the necessary materials of life, which it carries with it 
in the current of the circulation. ' By tlie circulation, 
accordingly, we mean that continuous round or circuit 
of the blood by which it passes from the heart outward 
for the nutrition of the tissues, and from the tissues 
back again to the heart, to be renewed by respiration 
in the lungs. 

The organs of the circnlation are, first, the Seart, 
and, secondly, the Slood-vessels. The blood-vessels are 
the tabes which convey the blood in its movement 
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throughout the body ; the heart is the organ which im- 
pels it onward in its course. 

89. The Heart — The heart ia a muecle. Like the 
stomach, it ia a hollow organ with two openings, one 
of entrance and one of exit, and provided with muscu- 
lar walla, eo that its contractions force every thing 
which enters it at one extremity to pass outward hy 
the other. Only, in the heart these muBcular layers are 
exceedingly abundant and powerful, and its contrac- 
tions accordingly are rapid and energetic. While, 
therefore, the food during digestion passes but slowly 
and gradually through the stomach, the blood ia pro- 
pelled by the contractions of the heart in a forcible and 
impetuous stream. 

The heart is situated in the middle of the chest, be- 
tween the two lungs, and almost directly behind the 
breftst-bone. It is a little larger than the clenched fist. 
It is somewhat conical in form, being wide at its upper 
part, and narrower and rather pointed below. The up- 
per and wider portion of the heart is placed exactly in 
the middle of the chest, but its lower part is turned 
obliquely to the left. If we place the fingers in the 
space between the fifth and sixth ribs, a little to the 
left of the breast-bone, we can feel the point of the heart 
at each muscular contraction striking the side of the 
chest from within. 

The heart consists of four different cavities, two on 
each side, called respectively the Aurides and the Yen- 
tricks. In each case the " auricle" receives the blood 
coming into the heart by the veins, and the " ventricle" 
drives it out by the other extremity into the arteries. 
As this is done at the same time on both sides of the 
oi^an, right and left, there are accordingly, first, a 
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' "right auricle" and a "left auricle;" and, secondly, a 

' " right veotricle" and s, " left ventricle." We shall be- 
gin by describing the auricle and ventricle of the right 
side. 

The right auricle is the receptacle of all the venous 
blood returning from the body. This blood is collected 

^ from the difierent veins into two great venous trunks, 
which meet on the right side of the heart and open into 
the cavity of the auricle. The auricle itself is a kind 
of muscular bag which receives the blood through this 
opeubg of the veiuB, and then urges it onward through 
another rounded opening, situated near by. This sec- 
ond orifice leads into the ventricle; and because it 

' forms the entrance into this cavity, it is known by the 
aame of the " ventricular oriiiec." 

The ventricle is much larger than the auricle, and its 
inuactilar walls are thicker and stronger. As it con- 
tracts, it sends the blood through an opening at its far- 
ther extremity into a large artery, which ia called the 
" pulmonary artery." This artery leads to the lungs. 
As it reaches the lungs it divides into numberless 
branches and ramifications, which penetrate, as we have 
aid, into all the minute spaces between and around the 
air vesicles. It is while passing through these channels 
that the blood is arterialized by the influence of the air. 
The bright red arterial blood is then collected from the 
lungs and returned to the heart by corresponding veins, 

' called the " pulmonary veins," which open into the left 

The left auricle is similar in its strnctare to the right 
[ auricle. It opens by a corrcBponding orifice into the 
I left ventricle. 

The left ventricle ia by far the thickest and strongest 
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portion of the heart. Its muscular walls are three quar- 
ters of an inch in thickness ; and they require this ad- 
ditional force, for they are intended to propel the blood, 
by their muscular contractiouB, all over the body. The 
left ventricle opens by its farther extremity into the 
commencement of a large and strong artery, which re- 
ceives all the blood coming from its cavity. This ar- 
tery is termed the Aorta. From the heart it rises up- 
ward for a short distance, and then, curving over in an 
arched form, it passes downward through the chest and 
abdomen, sending off, right and left, all the branches 
which distribute its blood to the different regions of 
the body. 

In Fig. 37 the two sides of the heart are shown, to- 
gether with tlie course of the blood, from the right cav- 
ities through the pulmonary artery to the lungs, thence 
by the pulmonary vein to the left auricle, and finally 
from the left ventricle through the arch of the aorta 
into the commencement of the arterial system. 

In studying thia part of the circulation, two things 
especially claim our attention. First, the movements 
of the heart ; and, secondly, the action of its valves. 

90. HovementB of tbe Heart. — In the movements of 
the heart the two auricles first contract together, and 
then the two ventricle's follow, also simultaneously with 
each other. The contraction of the ventricles is much 
more powerful than that of the auricles, owing to the 
greater thickness of their walla. The two sides of the 
heart therefore move exactly together, the contraction 
beginning with the auricles and finishing with the ven- 
tricles. The whole, taken together, forms one entire 
act or movement of the heart, which is called its 
sation." Itr is this movement which can be felt, ; 
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have Baid, immediately below the fifth rib on the left 
Bide of the chest. 

The contraction of the heart ib immediately followed 
by its relaxation. In this respect it ia like all other 
mnscles, which require that intervals of repose should 
alternate with their periods of activity. But in the 
heart these alternating contractions and relasations 
follow each other with a continuous and almost uniform 
rapid il y. 
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I 91. Action of tie Valves. — But how is it that these 
I movements caaae the blood to flow onward in its nat- 
( nral direction ? Why do they not eipel it from the 
I heart altogether, or drive it backward into the veins ? 
[ Tliia brings ub to the consideration of the Valves. 
I A valve is simply" a mova'ble partition or obstacle, 
1 which swings open in one direction and closes in the 
I other. A door is. a valve. You can open it freely from 
f without inward; but when you shut it, it closes firmly 
1 against the framework of the doorway, and can not 
I pass beyond. The same office is performed by the 
I valves of a pomp, or those of a steam-engine. They 
I are made of different materials, but they all act in a 
I similar way. Before one of them was ever construct- 
» ed, there were valves in the interior of the heart. 
P At the edges of the narrow opening between the 
auricles and ventricles, on each side of the heart, there 
aro placed broad sheets of a thin but strong fibrous 
membrane, which are called the " ventricular valves," 
I TJiese valves hang loosely into the cavity of the ven- 
I tricle, and are easily pushed aside by the current of 
I blood entering fi-om the auricle (Fig. 38), They do not, 
I therefore, offer any obstacle to the movement of the 
I blood in this direction, 

Bnt when the ventricle contracts, in order to expel 

I the blood fi-om its cavity, the valves are lifted by the 

I impulse of the blood, their edges come together, and 

they close completely the ventricular orifice. They 

would then be forced backward through this orifice 

into the auricle, but for a number of strong fibrous 

I cords which sustain them in tlieir places. These cords 

r. ached to the edges and under surface of the 
and, passing downward, are attached to little 
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muscular eminenceB, or columns, on the ddee of die 
ventricle. These muscular columns contract at the 
same time with the walla of the ventricle, and by the 
aid of their tendinous corda hold the valves in position, 
and prevent the regurgitation of the blood (Fig. 39). 

Tlie lilood, therefore, which can not return into the 
auricle, is forced to find exit in the opposite direction, 
and escapes iuto the orifice of the corresponding ar- 
tery. 

There are also valves at the entrance of the great 
arteries. Thoy are in the form of semicircular bags 
or festoonn, and are therefore called the " semilunar" 
valves. They open into the artery to admit the cur- 
rent of blood (Fig. 39), and again shut back to close 
its orifice when the ventricle is relaxed (Fig, 38). 

Thns these valves move- backward and forward, and 
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alternately open and shut with each palsation of the 
heart. The blood, accordingly, can never go backward, 
but is carried in a continuous circuit fi-om the right 
Bide of the heart to the left, through the successive 
channels of the circulation. 

92. Character of the Heart's Action. — Lastly, the move- 
ment of the heart is involuntary. It is still more inde- 
pendent of our control than the movements of respira^ 
tion ; and we can not hasten or retard it in the least 
degree, much leas arrest it for even a single pnlsation. 
It is kept up by the operation of an internal stimulus, 
which is entirely withdrawn from the influence of the 
will. 

Nevertheless, it is affected by many involuntary emo- 
tions, Joy or sorrow, anger or excitement, will disturb 



190 



PHTBIOLOGT AND HTGIKTTH. 



the regalarity of ita motions, and increase or diminish 
their rapidity. Disagreeable sights or sounds, and va- 
rious moral emotions, will sometimes affect its action 
to such an extent as to produce faintness ; but after 
the disturbing cause baa passed away, the heart recov- 
ers its force and resumes the natm-al regularity of ita 
movements. 

Wc now pass from the study of the heart to that of 
the blood-vessels. 

93. Arrangrement and BistTibation of the Arteries. — 
The first set of vessels into which the blood passes on 
leaving the heart are the Arteries, The arteries begin, 
as we have already said, with the aorta. This vessel 
rises from the left ventricle for a short distance behind 
the breast-bone, and then curves downward, forming a 
semicircular bend near the top of the chest, which is 
called the " arch of the aorta." From the arch of the 
aorta there are given off several large branches (Fig. 37 
[8]), which supply the blood for the two arms and the 
two sides of the head, Tlie aorta then passes downward 
parallel with the spinal column, through the chest and 
abdomen, giving off every where branches to the vari- 
ous internal organs. In the lower part of the abdo- 
men it finally separates into two eqnal divisions, one of 
which supplies the right lower extremity, the other the 
left. Thus all the different parts of the body are pro- 
vided with branches coming from the aorta. 

When the arterial branches arrive at the organs to 
which they belong, they break up into innumerable sub- 
divisions. These divisions grow smaller and smaller at 
the same time that they become more numerous; until 
the whole substance of the organ is penetrated by their 
ramifications, and every part of it is provided with a 
due supply of arterial blood. 
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The arteria] system is therefore like a great tree, of 
■which the aorta ia the trunk, and the smaller arterial 
branches are the twigs and ramifications ; only thia ar- 
terial tree is every where hollow, forming a connected 
eeries of vascular canals. 
94, Elasticity of the Axteriea, — Now the arteries are 

I elastic If we take a piece of the aorta of an ox or a 
eheep, we shall £nd that we can stretch it, and that aft- 

I erward it will retract and recover itself like bo much 

' India-rubber. The same property belongs to the arter- 
ies of the human body in a nearly equal degree. This 
quality is due to the presence of elastic fibres in the * 
walls of the arteries similar to those which we have al- 
ready spoken of in the lungs ; only in the arteries these 

I fibres are mncb more abundant than in the lungs, and 

I their elastic reaction is therefore more rapid and pow- 

I erful. 

The elasticity of the arteries has a most important 

\ share in the circulation of the blood. 

S5. Pulsation of the Arteries. — At each movement of 

' the heart, the left ventricle throws the blood into the 
aorta with the whole power of its muscular contraction. 
This distends the aorta and its branches, with an im- 
pulse which is felt throughout the arterial system. The 
heart is like a force-pump, driving the blood into the 

I elastic arterial tubes; and the arteries open to receive 
it, because the strength of the heart ia greater than 
their resistance. This expansion of the arteries, pro- 
duced at each stroke of the heart, is called the Pulse. 
The pulse may be felt wherever an artery can be ex- 
amined. K we press the fingers firmly upon the upper 
and front part of the neck, just alongside the situation 
ef the larynx, we shall feel the pulsation of the great 
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arteries which supply the head, and which are called 
the " carotid" arterieB. It is still better when the ar- 
tery croBsea a bone near the under surface of the sldii. 
Immediately in front of the middle of the ear is a small 
artery pasBing upward to the temples and the outside 
of the head, called the " temporal" artery, which we can 
easily feel by pressing lightly upon the akin in this sit- 
uation. Just above the wrist, in front of the outer 
bone of the arm, ia another artery supplying the hand 
and fingers, called the " radial" artery. This is the ar- 
tery which the physician selects for feeling the pulse, 
' simply because its situation is a convenient one for that 
purpose. 

For the pulse ia a valuable guide in learning the con- 
dition of the heart. As each stroke of the pulse repre- 
sents a contraction of the heart, by counting the one 
we know the rapidity of the other. In grown-up 
persons, during health, the pulse beats about seventy- 
five times per minute. In fevers and inflammations, 
when the irritability of the heart is excited, it rises to 
eighty, ninety, one hundred, or even more than this. 
Many other poculiarities of the pulse, such as ita 
strength, its fullness, its regularity or irregularity, 
show corresponding variations in the action of the 
heart, and indicate the condition of the circulatory 
system. 

96. Movement of the Blood through the Arteries. — ^Bat 
at the moment when the heart is Maxed, the arteries 
still exert their elastic force. The blood is prevented 
from returning into the ventricle by the closure of the 
semilunar valves, and is thus forced onward through 
the arterial system- 

The blood in the arteries is therefore under an inces- 
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' sant preBsure. It is always compresaed by tho elastic 
reaction of the arterial walls, and at each stroke of the 
heart it is ui^d by an additional pressnro, derived 
from the muscular contraction. It thus moves through 
the arteries in successive waves or impulses, paBsing 

I rapidly from the heart toward the ramifications of the 
arterial system. 

97. The Capillftry Blood-veBselfl.— The arteries termi- 
nate in another set of blood-vesselB, still finer and more 
minutely subdivided, which are termed the C'apillanes. 

»The capillaries are invisible to the naked eye. They 
are ao small that they require the aid of the microBcope 
fiir their esamination, and yet they are the most im- 
portant part of the whole circulating system, for it is 
in them that the blood comes into intimate contact 
■ with the substance of the tiaaues. 

These vessels are formed of an exceedingly thin 

and delicate membrane. They peneti'ate every where 

among the cells and fibres of the diflerent organs, and 

form HO many minule channels by which the blood 

FiE.io, makes its way through the 

I tissuca. Their great pecul- 

! iarity is that they constant- 

} ly unite and communicate 

J with each other in every di- 

j rection lite the meshes of a 

I net, BO that they form what 

8 called the " capillary net- 

I work" {Figure 40). The 

I meshes ofthis network have 

Imyujurv rtCLivorK lu uiH wbl> ui lae — creut forms in different 
StDs-«fooi,magnifl«<i. organs, but they every 

Vhere present the essential characters above described. 
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cases the circulation of the blood in the 
In the transparent web of 
the frog's foot, when placed 
inder the microscope, the 
I'lood globules can be per- 
ived shooting along 
through the smaller arter- 
and penetrating into 
the capillary network (Fig. 
■ Here the cnrrents of- 
I ten turn and wind in va- 
rious directions, passing 
through the varioua com- 
munications between the 
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different capillary vessels, and penetrating in this way, 
in a multitude of different streams, the various tissues 
of the part. As the red globules in the frog are larger 
than those of human blood, and of an oval form, they 
are readily seen while carried along with the current 
of the blood. 

Tlie movement of the blood in the capillaries is 
steady and incessant. There is no pulsation here sim- 
ilar to what takes place in the arteries. For, by the sue- 
cessive division and multiplication of the smaller ves- 
sels and the combined influence of their elastic walls, 
the arterial pulsation has been equalized and converted 
into a continuous pressuri^ ; and under this pressure the 
blood moves through the capillaries in a uniform and 
uninterrupted stream. It is in this part of the cir- 
culation that the blood loses its oxygen, and becomes 
changed from the arterial to the venous condition.- 

9S. The Veins and the Veuous Circulation, — ^From Uie 
capillaries the blood is collected into larger channels, 
and so returned to the liuart by means of the Vcitis. 
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We have already studied the structure of the veiiiB 
in different organs. We know how they are formed 
by the union of tlie Bmallcr branches into larger and 
larger trunks. The arrangement of the veins, there- 
fore, is exactly the opposite to that of the arteries. The 
arteries divide and separate as they pass from the heart 
outward; the veins utiite and coalesce as they pass 
from the capillaries inward. In this way the continu- 
ous circuit of the blood is effected from the arteries to 
the veins, through the capillaries, which are the chan- 
nels of communication between them ; so that the same 
blood which passes from the left side of the heart into 
the arteries, is returned at last to the right side of the 
heart by the veins. 

We can easily convince ourselves that the blood 
moves in the veins from without inward. If we clasp 
tightly the lower part of the arm, a. little above the 
wrist, we shall soon see the veins on the back of the 
hand enlarge and become tui^d, until we can almost 
see the blue color of their blood through the semi- 
transparent skin. This is because the blood accumu- 
lating from behind can no longer find its way back to 
the heart, and consequently distends the veins below 
the situation of the pressure ; but as soon as the press- 
ure is taken off, the veins empty themselves toward the 
heart, and again disappear beneath the skiu. 

Now as many of the veins are situated very near the 
surface, they are often liable to be partially compressed 
and obstructed, as above, by the pressure of the cloth- 
ing and the accidental contact of foreign bodies. But 
this does not stop the circulation of the blood; because, 
in the first place, the veins communicate with each 
other by frequent lateral branches, and, secondly, they 
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are provided at many pomtB with Talves, reeenibling 
the semilunar valves of the heart, which prevent the 
Itlood from being forced backward into the capillaries. 
When the circulation is obstructed, therefore, in a sin- 
gle vein, the blood passes off by a lateral channel, and 
thus Btill finds its way back to the heart. In order to 
check the venous current effectually, it is necessary to 
encircle the whole limb with a Bunultaneous pressure, 
as in the experiment on the veins of the arm above de- 
scribed. 

But we should take the'greatest care that no such 
pressure is left upon any part of the body as to inter- 
fere in this way with the venous circulation; for a lig- 
ature which compresses an entire limb, however lightly, 
is liable to obstruct the movement of blood in the veins, 
and thus interfere with the entire circulation in that re- 
gion. This injurious effect is indicated by the swell- 
ing of the parts below the ligature ; and if continued 
habitually, it will at last cause a permanent injury to 
the limb by preventing the due nutrition of its tissues. 
In young children, where the process of growth and de- 
velopment is constantly going on, these bad effects are 
especially injurious. No such pressure, therefore, should 
be left upon any part of the body as will interfere with 
the venous circulation ; but the blood should be left 
every where free to find its way back to the heart 
through the natural passages of the vascular syBtem. 

Two other important points remain to be noticed in 
the phenomena of the circulatioa 

99. Eapidity of the Circulation, — In the first place, 
the circulation of the blood is exceediiigly rapid. Thia 
rapidity is so great that it would be incredible, were it 
not for abundant expeiiments which have established it 



beyond n doubt. Tbe time required for the blood to 
circulate over the body and return again to the heart 
is not more than from twenty-five to thirty seconds. 
During this period it passes through the arteries, trav- 
erecB the capillary network, returns iy the veins, and is 
again transported through the lungs to the left side of 
the heart. We can understand, therefore, how rapidly 
the changes in the tissues may go on, and how soon an 
impurity in the blood, from deficient respiration or 
otherwise, will be felt in the remotest parts of the cir- 
culation. 

100. Variations of the Circulation. — Secondly, the cii-- 
culation exhibits, from time to lime, local variations of 
ail important character. Sometimes these variations 
are occasional and irregular, as where the face becomes 
flushed from-mental emotion, or where any part of the 
siiin is reddened by some accidental irritation, like a 
blister or a bum. But most of them are regular and 
periodical. Thus the stomach and intestine are flushed 
and congested during the digestion of the food, and this 
excitement passes off when digestion is finished. The 
salivary glan^ become reddened with blood while the 
secretion of saliva is going on, and afterward return to 
their ordinary pallid condition. Nearly all the inter- 
nal organs have their periods of rest and their periods 
of activity ; and their periods of activity are accom- 
panied by a local excitement of the vessels, by which 
they are supplied at that time with an increased amount 
of blood. These temporary variations in the circula- 
tion of the blood are under the involuntary control of 
the nervous system, by which the necessary stimulus 
conveyed to the different organs. 
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QUESTIONS FOR CHAPTER IX. 

I. What is tbe drcuktlon ofiht blood/ 
■J. What are the organa of the tircolation? 
3. Of what 13 the tissue of tba heart composed ? 
i. What is the sitnation of the heart ? its size ? its form ? 
6. Where uiii the point of the heart be felt? 

6. How many cavities aro there In the heart ? their names ? 

7. Whence does the right auricle receive its blood? 

8. Whither does (he blood go from the right auricle? 

9. How doe9 the right ventricle dilTer from the auricle? 

1 0. Into what vessel does the blood go from the right ventricle ? 

I I . Whither is tbe blood conveyed by the putmonarj arlet? ? 

12. What vessels bring the hlood bock bom tbe langs? und inlci 
what cavi^ do they empty ? 

13. Whither does the blood pass from the left anricle? 

14. Why is the left ventricle stroager than the other portions of the 
hean? 

15. Into what vessel does the blood pass after leaving (he left ven- 
tricle? and whither does this veaacl carry it? 

IG. Which of the canities of the heart contract simnllaneously with 
each other ? 

1 7. What is the movement of the heart in contraction called ? 

18. What follows after each contraction of the heart ? 

19. What is a cafe r 

50. What is the situation of the ventricular valvea f 

21. What is their Btructnre? 

22. Which way do they open, and which way do they shnt? 

- 23. What proveolB the valves from being forced back into ibe am i- 
cle at the time of the heart's pulsation ? 

24. What is the aitnalion of tbe semiYunor rafciMf theirforra? 

25. Which way do fliay open, and which way do they shut ? 

86. What effect do the t-alves have upon the movement of tbe blood? 

27. Is tbe action of tbe heart volnntary or involuntary ? 

28. How may it be accelerated or retarded P 

39. What are the first Bet of blood-vesaels which convey the blood 
ontward from the heart ? 
30. Describe the aorta and its branches. 

51. What becomes of the arteries when they arrive at the differeitt 
organs? 
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32. What is the principal physical peculiarity of the arteries ? 

33. What is the arterial pulse f 

34. In what situations may the arterial pulse be felt ? 

35. What is the average rapidity of the pulse in health ? 

36. By what may it be accelerated or disturbed ? 

37. At the relaxation of the heart, what effect is produced on the 
blood by the elastic pressure of the arteries ? 

38. How does the blood move through the arterial system, steadily 
or in waves ? 

39. What is the next set of blood-vessels in which the arteries ter- 
minate? 

40. What is the size and structure of the capillary vessels ? 

41. ^hat is the capillary network f 

42. How can the circulation of the blood in the capillaries be seen ? 

43. How does the movement of blood in the capillaries differ from 
that in the arteries ? 

44. Into what vessels does the- blood pass after leaving the capil- 
laries? 

45. What is the general arrangement of the veins, and what 'is the 
course of the blood through them ? 

46. What is the effect of compressing the veins by bandages or 
otherwise ? 

47. What permanent injury may be produced by obstructing the 
venous circulation ? 

48. How long a time is required for the blood to pass throughout 
the whole body ? 

49. What are the local variations of the circulation in particular 
parts? 
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CHAPTER X. 

ANIMAL HBAT. 

Wurnitli of Living Bodies — how preserred. — Prodnction of Animal 
Heat. — Warm-blooded Animals. — Cold-blooded Animals. — Tam- 
pernture of the Homan Bodv. — Sonrce of Animai UeuL — Differ- 
ence in Temperature of the Internal Organs. — Animal HQ§t neces- 
sary to Life. — Effects of cooliug tbe Blood and Internal OrganB. — 
Begnlation of Heat by Perapiration. — Perspiratory Glands. — Com- 
position of the Perspiration. — Insensible Transpiration, — Increase 
ofPerBpirationbyHeat.— Effect of ilB Evaporation. —Effett of heat- 
ing the Blood above 100° Pahronheil. — Solid Ingredients of the 
Perspiration. — Seliacoous Secretion. — Necessi^ for freqnent Bath- 
ing- 

101, Animal Heat. — Ods of the most remarkable qual- 
ities of animal bodies ia their heat. Place your hand 
upon any part of the akin, and you feel that it is warm 
to the touch ; that is, it is warmer than the atmosphere, 
or than surrounding hodies at ordinary temperatures. 
Animals, when exposed to cold, crowd together to pro- 
tect themselves from its influence, and endeavor to pre- 
serve their warmth by mutual contact. Even the 
breath which is expelled from the lungs in respiration 
ia warmer than the fresh air which entered a moment 
before. So general and characteristic is this quality 
in living animals that we instinctively regard their 
warmth as an indication of vitality, and its absence aa 
a sign of death. 

Furthermore, if we measure the warmth of the living 
body by the thermometer, we shall find that it is nl- 
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ways very nearly the same. Take the bulb of the ther- 
mometer between the fingers of the closed hand, and it 
already rises to 90 or 95 degrees. But place it in the 
interior of the mouth, beneath the tongue, and keep it 
there for a few moments protected from the air, and it 
will stand at 100 degrees of Fahrenheit. This, accord- 
ingly, ia the temperature of the internal parts. 

Now this internal temperature ia nearly invariable. 
In winter and in aammer, ia the arctic regions as well 
as in the torrid zone, even though the external parts be 
chilled or frostbitten, the internal temperature of the 
body is stilt 100 degrees of Fahrenheit, or thereabout. 
But as the temperature of the air is neai-ly always far 
below this point, the living body must be constantly 
losing heat by contact with the cooler atmosphere. 
How, then, does it keep up its own temperature at this 
elevated standard, notwithstanding a continnal loss of 
heat from the external surface ? 

102, Internal Production of Heat. — There is only one 
way in which this is possible. The living body pro- 
duces or generates heat in its interior, and thus con- 
stantly replaces what is lost from without. The inter- 
nal heat, so produced, is known by the name of Vital 
}T Animal heat. 

All animals produce heat with more or less rapidity. 
In birds and quadrupeds, as well as in the human spe- 
■ eiea, this production is so active that their blood and 
internal organs are nearly always considerably above 
the external temperature ; they are therefore called 
" warm-blooded" animals. In reptiles and fiuh, on the 

k contrary, the production of heat, like most of the oth- 
er internal ftmetiona, is sluggish and feeble, and their 
temperature varies but little from that of the air or 
■ - • ■ 
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water in which they live. Their temperature is so 
much below our own that we call them " cold-blood- 
ed" animals. 

Accordingly, it is by its own internal heat that the 
living body is warmed. When we cover ourBelves with 
clothing for protection from the cold, it is not that this 
clothing has any warmth in itself; it simply prevents 
the internal heat of the body from being dissipated. 
Even when we warm our houses with furnaces and 
fires, we only prevent, in a eimUar way, the body from 
being too rapidly cooled. For the atmosphere, even iu 
the warmcBt apartment, never rises to the heat of the. 
living body, which is still the only source of its own 
vital temperature, 

103. Animal Heat necessary to Life.^This elevated 
temperature of tlie animal body is essential to life. The 
external parts of the frame, especially those which are 
thinner and more exposed, such as the ears and the 
fingers, may be chilled by the external cold, and again 
recover themselves; but if the internal organs and the 
blood be cooled down a few degrees below their natu- 
ral standard, death inevitably results. The muscular 
power is diminished, the sensations become dull, the 
circulation of the blood is enfeebled; and the torpidity 
of the system gradually increases, until hfe is finally 
extinguished, 

104. Source of Animal Heat. — The source of the ani- 
mal heat is in the nutritive changes going on within 
the body. We know that heat may be produced in a 
variety of different ways — by the rays of the sun, the 
friction of solid substances, the compression of air, the 
passage of electric currents, and the burning of com- 
bustiWe bodies. It is also produced by many different 



chemical changes, by eolations, combinations, and de- 
compositionB of various kinds. Every one knows how 
much heat is evolved by the combination of lime with 
■water ; and a mixture of water with sulphuric acid will 
I produce a similar eifect. Now, in the interior of the 
I animal frame, an innumerable variety of these chemical 
' changes are constantly going on. They are not all 
similar to those which take place outside the body, 
and the details of many of them are still unknown to 
us ; but they are in incessant operation, and are suffi- 
cient to produce, for their final result, the elevated tem- 
• perature of the living body. 

106. Variations and Equalization of Animal Heat in 

different Organs. — Accordingly, the temperature of the 

dificrcut internal organs is not exactly the same, since 

the chemical changes which go on in their tissues are 

different. Careful experiments have shown that this 

difference in temperature sometimes amounts to nearly 

Ij degree of Fahrenheit. .Thus far the liver has been 

found to be the warmest of all the internal organs ; but 

the blood, which also, no doubt, generates heat of its 

I own, passes so rapidly through the circulation that it 

r distributes the warmth of the internal organs, and thus 

I tends to equalize the temperature of the whole. The 

[ external surface, therefore, which ia in contact with the 

I atmosphere, is kept constantly warmed by the blood 

iug from within ; and the different parts of the 

I body, when careflilly examined, show but little varia- 

[ tion from the standard tempoi-ature. 

106, Regulation of Animal Heat by Perspiration. — But 

t is also remarkable that the temperaturu of the body 

k is not only thus kept up to a natural standard, but 

I that it never rises above this standard in any appre- 
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ciable degree. If the same amount of heat were gen- 
erated in summer as in wiuter, we should expect the 
body to become warmer ; siBce lesa heat ia lost by con- 
tact with the atmosphere. But no such variation oc- 
curs. As in winter the internal temperature of the 
body never falls below 100 degrees, so in summer it 
never rises above that point. How ia it that the 
warmth of the body is thua regulated? 

It is by means of the Ferspiratioti. 

Immediately beneath the skin, over the whole sur- 
fhce of the body, but more abundantly on the palma of 
the hands, the soles of the feet, and the front parts gen- 
erally, there are a multitude of little glandular bodies 
which are called the "Perspiratory glands." Each one 
consists of a slender tube, about -^^ of an inch in di- 
ameter, which penetrates from the surface through the 
'whoi« thickness of the Bkln, and there terminates in a 
globular coil, very much like a mass of small intestinea 
in miniature. The capillary blood-veaselB distributed 
to these glands are interwoven with their coils, and 
cover their surface with a fine vascular network. 

Now, although these glands are so small, yet they 
are also so numerous that, when taken together, they 
form an important glandular system. Each one of them, 
when its coil is carefully unraveled, is about -^ of an 
inch in length. According to the best calculations, the 
whole number of perspiratory glands in the body is 
about 2,300,000. The combined length of their glandu- 
lar tubing is therefore not.less than 153,000 inches, or 
aboiit two miles and a half. 

Throughout this extent of the glandular tubes the 
blood of the capillary vessels comes in contact with 
their tiaaue. It there supplies a watery fluid, which ia 
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I poured into their cavities and finally discharged upou 
I the surface of the ekiii. This fluid is the perspiration. 
If the perspiration be examined by chemical analysis, 
I it 18 found to have the following composition : 

COHPOHITION OF THE PEKaPlBATlOH. 

Water 995.00 

Animal mattera, wttli lime 10 

Sulphates, and BubataDces soluble in water. IM 

Chlorides of sodium and potassium, and spirit-extract 3.40 

Acetic add, acetates, lactates, and alcohol-extract 1.45 

1CM)0,00 
We see, therefore, that the perspiration is composed 
r principally of water. The animal matters which it con- 
tains produce in it a faint and peculiar odor, and its 
acetic acid gives it a slightly acid reaction ; but more 
than ninety-nine one hundredths of its materials consist 
fc.of water. 

Now the perapiration is secreted all the time. The 

Blninute blood-vessels pour out its ingredients into the 

I slender cavities of the glandular tubes ; and, as these 

I become filled, they discharge their contents throngli 

I their external openings upon the skin, bo that the ekln 

B constantly exuding a watery fluid upon its surface. 

I' nevertheless, we do not see this fluid; indeed, it does 

lin, usually, for one instant upon the skin, but 

is at once taken up by the atmosphere and dissipated 

by evaporation. This is what is called the "insensible 

transpiration" of the skin. 

I The surface of the body, therefore, though constantly 
supplied with moisture from its glands, is constantly 
dry, because all the moisture is at once carried ofi'by 
evaporation. The effect of this evaporation is to cool 
the surface. 
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Evaporation is one of the moat effectual means of pro- 
ducing cold. If,you moisten the hand with any fluid 
which evaporates rapidly, yon will at once feel the sen- 
sation of cold produced. II' you move the hand about 
briskly in the air, so as to hasten the evaporation, the 
sense of coolness will be increased in proportion. The 
more rapid the' evaporation, the greater the feeling of 
cold which is caused by it; and chemists even employ 
this means to produce the freezing of water or other 
liquids. 

The surface of the skin, accordingly, is constantly 
cooled ; first, by contact with the atmosphere, and, sec- 
ondly, by the evaporation of its own fluids. In cold 
weather, however, the perspiration is in exceedingly 
small quantity! Its evaporation Is not sufficient to chill 
the surface, and the temperature of the body is there- 
fore kept Up to its natural standard. 

But in- warm weather the perspiration is more abun- 
dant. The skin becomes active under the stimulus of 
the heat, the blood circulates more freely in the per- 
spiratory glands, and a larger quantity of fluid is ex- 
uded upon the skin. Now, therefore, the perspiration 
sometimes becomes visible, because it is secreted more 
rapidly than it can be carried off by evaporation. The 
evaporation of this increased quantity of fluid pro- 
duces, of course, a greater cooling effect. Consequent- 
ly, in the sensibility of the skin and its perspiratory 
glands, the body possesses an apparatus for regulating 
its own temperature, notwithstanding the variations of 
the external atmosphere. 

The regulation of the heat of the body by the skin is 
nearly as important as its production, For if the blood 
be actually heated much above its natural temperature, 
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death follows as certainly qb if it had been cooled down 
below it. There are ooly a few degrees of variation 
above and below 100 Fahrenheit within which life can 
be maintained. Now whenever we make any unusual 
muscular exertion the body becomes warmer, probably 
because all the vital changes which produce heat then 
go on with greater rapidity. But, at the same time, the 
circulation in the skin is excited, and an abundant flow 
of perspiration thus prevents the heat from becoming 



107. Quantity of the Perspiration. — The skin, there- 
ore, is in constant activity ; and whenever the temper- 

I ature rises beyond a certain point, this activity is in- 
\ creased, and, the cutaneous exhalation becomes more 
I abundant. The average quantity of water discharged 
\ in this way with the perspiration is very nearly two 
I pounds per day. 

108. Bolid Matter secreted hy the BKn. — The watery 
I parts of the perspiration, as wc have seen, are carried 
I off by evaporation. But its solid ingredients remain 
I 'behind, and are deposited upon the surface of the skin. 
I There is also another cutaneous secretion which is less 
I abundant than the perspiration, and which serves to 
I teep the akin soft and pliable. It is called the " seba- 
I ceous" matter. It is to a great extent oleaginous in its 
I nature ; and its solid ingredients, like those of the per- 
I Bpiralion, remain deposited upon the surface. 

109. Heceasity for general Ablation. — Accordingly, it 
is of the greatest importance to keep the skin cleansed 
of these accumulations by frequent ablution. Not only 
those parts which are exposed to the contact of exter- 

»Dal impurities, but the whole surface of the body, should 
be frequently washed, in order to remove the debris of 
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its own secretions. The contact of coid water also acta 
as a. Iieallhy atimnlnB to the akin itselii and tends to 
preserve it in a Tigorons condition, ready at all times 
to perfomi its natoral Ainctions. 



QUESnOSfS FOB CHAPTEE X. 

1. What is the tcrapercl-iire of the inlemal parts of tha bod;? 

2. Does this temperarare yoi; wilb dilferent climales, or remain 
the same? 

3. How is the tempertttare loainl^iied independentlj of the exter- 

4. Do all .iTiimiila prodace heat more or less ? 

6. Which are called " wftrm-hlooded" aud which " i-old-hlooded" 
animals ? and what is (he difference between them ? 

6. Is the body kept warm by exteniftl lemperatiiro or by its own 
internal heat 7 

T. How does clothing, etc., serve to malDtain the wanaih of the 
body? 

5. Is animal heat necessary to life 7 

9. What follows when the blood and internal organs arc cooled 
down below their natural tetuperBtnre ? 

10.. How is the internal beat of the body produced? 

1 1. Ib it exactly the same in the different internal organs ? 

13. If not, how much does it vary? 

13. How ia the «"'m«l heat disseminated and equalized throughout 
the body? 

] 4. Is (he interior of the body any wanner in summer than in 

la. By what is the heat of (he body moderated in warm weather? 

16. What are the glands which produce the perspiration, and what 
is thdr Btmctnre? 

17. What is the length, of each glandolw lube? 

18. What is tiio combined length of all the perspiratoiy gland« ? 

19. What are tlie ingredients of the perspiration ? 

20. Is the perspiration secreted occasionally or constantly? 

21. Wliat becomes of it after it is exuded npon the skin? 

33. What is the effect of evitporitlion upon the warmth of the 
skin? 
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23. When is the perspiration ^^ insensible,** and when does it be- 
come visible ? 

24. What becomes of the solid parts of the perspiration when its 
watery portions are evaporated ? 

25. What is the sebaceous matter of the skin, and what is its use ? 

26. Why is freqaent washing of the body necessary to health ? 
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CHAPTER XI. 

NUTRITION. 

DeHnition of Nntrilion. — Its three different Parta. — Atximilation.— 
Absorption of Inorganic Ingredicnta. — Their different ProporlJons 
In the 'nsEues and ilie Blood — Diifiirent kJtids of Albnminoua In- 
gredients. — Tranafonnation of Ihe Albnmen.^ — SeertlUn. — Stmc- 
tnre of b Glnnd. — Follicles. — Lobules. — Duets.— Inoi^nic Ingre- 
dients of a Secretion, — Its Albuminous Ingredient. — Increase of 
Secretion with excitement of the Circulation. — Excretion. — Altera- 
tion of Animal Tissues duriog Life. — A necessary consequence of 
Activity. — Now Substances so -jiroduced. — Carbonic Add. — Ani- 
mal Vapors. ^ Urea. — Creatine. — Creatinine. — Urate of Soda.- — 
DonbiB Movement of Nutrition.— Supply and DisehflrEe. — Quanti- 
ty of Mulcrial absorbed and discharged in twonty-fonr hours. 

Bv the term Nutfition we mean more especially all 
those secret and varied changes of substance which are 
constantly goiug on in the interior of the body, and 
which are essential to its life and organization. We 
shall find that these changes are of three different kinds, 
each of them necessary, in a different way, to the con- 
tinued operation of the whole. They are, 1st, AsBimi- 
lation; 2d, Secretion ; and, 3d, Excretion. 

110. Aasimilation. — Assimilation is the formation of 
the tissnea from the elements of the ibod. For the tis- 
snes of the body are all different in their composition 
from the substances which wo take as food, and can 
only be formed when the elements of the food are made 
like, or " assimilated" to them. It is ibis process which 
we sliall study in the first place. 
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We have already seen how the ingredients of the 
food are changed in the procesB of digestion, and how 
these substances, again, are converted into the materials 
of the blood. We may then say that they have been 
aBsimilated to the blood; for this fluid has now its par- 
ticular ingredients, produced by the absorption and 
transformation of the digested food. 

But this food is not yet converted into the tissues. 

None of the tissues have the same composition as the 

blood, and they are all different from each other; and 

Lyet they all depend exclusively for their materials upon 

■the blood, which must supply them with every thing 

"needed for their growth and organization. IIow is 

their nourishment, therefore, to be accomplished ? 

The fluid parts of the blood consist, as we remember, 
first, of water, with mineral substances in solution, which 
form its inorganic ingredients ; and, secondly, of albu- 
men and fibrine, which are its organic elements, Now 
all the inorganic substances have been derived from the 
food. They were absorbed from without, and now, con- 
sequently, form a part of the blood. They also exist in 
all the solid tissues. Some of them, lite the chloride of 
sodium, or common salt, are every where in the body, 
no tissue being without them. Others, like the phos- 
phate of lime, are sometimes in great abundance, as in 
the bones and teeth, where this substance forms more 
than half the entire tissue. When the blood, according- 
ly, freighted with these inorganic materials, arrives at 
the capillary circulation, penetrating every where into 
the interstices of the tissues, it gives up to them the 
substances necessary for their growtb,by exuding them 

I rough the walls of the blood-vessels. 
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111. Deposit of Ingredienta in different Proportions.— 

These inorganio subatancea are present in all the tisBnea 
in different proportions. The lime, for example, which 
in the bones conetitutea over five hundred parts in a 
thouaand of their tisaue, in the cartilages forms only 
forty parts, and in the muscles only two parts and a 
hal£ Water, which in the teeth is only ten per cent, 
of their substance, in the brain ia more than seventy- 
eight per cent. Each tisaue also must contain these 
substances in its own proper proportion. If the lime, 
for example, were deficient in the hones, they would 
yield and bend under the weight of the body; and if it 
were in excess iu the substance of the heart, the oi^an 
could not perform its function, and the circulation 
would come to an end. 

Each tissue, accordingly, selects from the blood its 
own due proportion of inorganic matters and appropri- 
ates them to itself! It is as if each one were endowed 
with a kind of instinct, by which it should take no more 
and no less than is usefiil for its organization. This 
property resides in the substance of the tissues them- 
selves. We found, wliile studying in a former chapter 
the subject of "Absorption" and " Endosmosis," that 
each animal tissue will absorb certain fluids and solu- 
tions more readily than others, and that the same sub- 
stance will be taken up in greater quantity by one mem- 
brane than by a different one. The same thing happens 
during the circulation in the living body. Thns each tis- 
aue absorbs from the blood its proper quantity of mate- 
rial, and preserves continuously its special composition. 

Furthermore, many of these ingredients are in much 
larger proportion in the tissues than in the blood. The 
lime, again, which is over five hundred parts per thou- 
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EflBod in the bones, in tbe blood is only three parts in 
ten thousand. How can the blood, therefore, in which 
it 19 80 scanty, supply it to the boues, in which it is bo 
abundant ? 
It is owing to the rapidity of the circulation. The 
lod which has passed through the capillaries of an 
'OTga,n and given up to it its ingredients, is at once fol- 
lowed by a fresh and unexhausted supply; and as it 
movea through the rapid course of the circulatiou, it in- 
ceBsautly revisits the different parts of the body, and 
tinues, little by little, the contributions necessary 
IT their sujiport. 

112. Tiansfoimation of the Albuminous Matter. — But 
to the orgaiiic or " albuminous" ingredi- 
ents of the body. 
These are of the most varied character. In the mna- 
lar fibres the albuminous ingredient is termed "Mus- 
and has peculiar chemical qualities. In the 
ines it is called " Osteine," in the cartilages " Chon- 
drine," in the hair and nails "Koratine," and in the 
transparent lens of the eyeball " Crystalline." Those 
substances are all solid in consistency, and nearly every 
tiesne contains one peculiar to itself. And yet they are 
all supplied from the blood, which contains only two, 
namely, albumen and fi brine, neither of which forms the 
substance of any of the tissues. 

Here, then, we have a phenomenon of transformation. 
Ab the albumen of the blood passes through the capil- 
ies of each tissue, it is transuded and absorbed like 
inorganic materials. But, unlike them, it is at the 
le time changed in character. In one tissue it be- 
les osteine, in another musenline, in another cbon- 
Sne, and the like. This transformation is efFeoted by 



abn 

Bio< 

■org; 



cese 
H^on 



Th. 

Hnilini 
^■Donet 



214 PHYSlOLOljY AND 

catalysis ; that is, the constituent of each tissue haa the 
power, simply by its contact, of converting the albumen 
of the blood into its own eubstance, and thus providing 
for its own regeneration. 

It is in this way that the vario.us tissues preeerve 
their natural constitution. It is by this mvraculflus 
transformation, which is daily going on in the interior 
of our frame, and by which the gluten of bread, tJie 
caseine of milk, and the albumen of eggs are at last con- 
verted into the flesh, the bones, the membranes, and the 
nervous tissues of the human body. Through the in- 
termediate action, therefore, of digestion and the blood, 
all the ingredients of the food are finaDy assimilated to 
the substance of the various tissues. 

113. SeQietion. — The second part of the nutritive pro- 
cess is Secretion. 

A secretion is a fluid prepared from the blood by va- 
rious internal organs, in order to accomplish a certain 
purpose in the animal economy. We have already had 
occasion to speak of several of these secretions, and to 
describe tho office which they perform. Thus the gas- 
tric juice, secreted in the stomach, assists in the diges- 
tion of the food. The bile, formed by the liver, goes 
throngh certain changes in the intestine for the produce 
tion of other materials. The perspiration is poured out 
upon the skin to regulate its temperature by evapora- 
tion. There are various other secretions which have 
not yet been mentioned, such as the tears, which moist- 
en and protect the transparent surface of the eye; the 
milk, which serves for food to the young infant ; and 
the mucus, which lubricates t' 
body. Each one of these fl 
and useful end in the vital o 



ates the internal passages of the J 
36 fluids servefl for some definite I 
ital operations. H 




1 1 4. StTuctnre and action of the Secreting Organs, — 
[ The secretioQB are formed in certain organs, whicli con- 
I aist of little cavities or " follicles," each one opening by 
an external orifice. 
Several follicles are 
nanally grouped to- 
gether, with all 
j their mouths open- 
ing into a little 
tube, thus forming 
a "lobule;" and a 
number of lobules 
are also united into 
a compact mass, 
with their Tarious 
tube a all joining 

IStruclnraofaOlaQd. into One COmmon 

tube or " duct" (Fig. 42). Such an organ is called a 
&kmd. 
Sometimes the little cavitieB or follicles have the form 
of slender tubes, which open separately, each one by 
itself, as in the tubules of the stomach, the follicles of 
the intestine, and the perspiratory glands of the skin ; 
but all the larger glandular organs, such as the parotid 
gland, the pancreas, and the milk glands, have the struc- 
L ture above described. 

The capillary blood-vessels penetrate between these 
Kibllicles, and bring the blood into minute contact with 
■ every part of the gland. 

Now a change takes place in the glandular organ 

somewhat like that which we have described in the tis- 

Ksnes. The blood, ander the pressure of the circulation, 

l-parts with its water and its inorganic ingredients, which 



218 

transude through the blood-vesBels into the cavities of 
the glandular follicles. Thus a fluid is produced &om 
the LDgredionts of the blood, which is withdrawn or 
separated from the circulation, and is therefore called a 
" Secretion." 

But each gland separates the ingredients of the blood 
in especial proportions, which are different for each se- 
cretion. Thus some secretions have a large quantity 
of water, like the perspiration ; others a large propor- 
tion of solid material, like the pancreatic juice. For 
this peculiar constitution they depend upon the power 
of the gland to appropriate their materials in the prop- 
er quantity. 

But in each secretion there ia also a peculiar animal 
substance which does not exist in the blood, and it is 
usually upon this that the especial character of the se- 
cretion depends. Thus io the gastric juice there is pep- 
sine, which serves to dissolve the food ; in the saliva, 
the viscid substance which assists in mastication; in 
the milk, the caseine which gives it its nourishing quali- 
ty. Now all these substances are produced in the glanil 
itself. Tliis ia again a transformation, by which the al- 
bimien of the blood assumes a new form in the cavities 
of the glandular organ. The secretion, therefore, con- 
siata of this new substance, manufactured in the gland, 
together with the water and mineral ingredients which 
have been supplied directly by the blood. 

The peculiar fluid thus produced is poured into the 
glandular follicles, and fills their cavities. It then ap- 
pears in the tubes leadbig from the follicles, and, ac- 
cumulating constantly in this way from behind, is final- 
ly discharged from the main duct or outlet of the gland. 

We see, accordingly, how it is that these secretions 
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{are produced more abandantlj at particalar timce. 
When the circulation in the gland is excited, more 
blood is admitted to ita capillaries, and its materials 
are supplied in greater quantity. They then exude 
rapidly into the glandular follicles, and pass out by its 
tubes and ducts in an abundant flow. When the cir- 
culatory excitement subsides, the production of fluid is 
igain checked, and the gland is restored to a condition 
f repose, 

115. EzcretioiL — Lastly, we have to study the pro- 
B oi JSxxtretion. 
, In all our njachines and naechanical contrivances we 
Is&n make use of power only by the expenditure of ma- 
terial. Every mill must not only have a canal to sup- 
ply it with water from above, but a sluice-way to car- 
ry off the waste water from below. The fuel of a fur- 
nace is constantly consumed, and afterward discharged 
in the form of smoke and ashes. The piston of a steam- 
engine is driven by the expansive force of the steam ; 
but when the steam has once acted in this way, it has 
lost its power. In expanding it has changed ita form, 
and must then be expelled &om the cylinders to make 
room for a fresh supply. 

The same thing happens in the living body. Every 
animal organ and tissue is altered and decomposed by 
its own activity. At every pulsation of the heart a 
portion of its vital power is expended, and the sub- 
stance of its fibres changed. Every time the nerves 
feel, at the same moment their tissue ia wasted and 
their sensibility more or less impaired. 

This is not, however, a destructive or injurious ac- 
; it is the natnral and healthy operation of the Uv- 
Bg organs. For it is by this very alteration of their 
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substance that they perform their work ; and fresli ma- 
terial is at the same time constantly supplied for theii- 
renovation. It ia as if nature were incessantly employ- 
ed in unweaving and reconstructing the texture of the 
body, BO that it may be always new, and always endow- 
ed with undiminished vitality. 

116. Subfltanoes prodnced by Excretion. — But in this 
process new substances make their appearance in tlie 
body, Aa the changes which we have just described 
go on in the depths of the tissues, their ingredients are 
decomposed and appear under other forms. These sub- 
stances represent the used or exhausted elements of the 
fi-ame, and accordingly, from the first moment of their 
production, they are destined to be expelled. Their 
evacuation or elimination from the body is no less im- 
portant than the other changes of nutrition; for by re- 
maining, they would interfere with the vital powers and 
obstruct the activity of the system. It would bo of lit- 
tle use to supply a furnace with fresh fuel, if it were to 
remain clogged with the ashes and cinders of the old. 

Excretion is the process by which these waate ma- 
terials are eliminated, and the substances so eliminated 
are termed the "excretions." 

The most important and abundant of them all is Car^ 
horde acid. We have already seen how constantly this 
substance ia formed in the body, and how rapidly it ia 
discharged by the lungs. It passes to the lungs with 
the liquid ingredients of the blood, and is there exhaled 
in a gaseous form by the breath. 

At the same time, there is a small quantity at Ani' 
mal vapor discharged in respiration. This vapor has 
no name, but it is that which gives a peculiar odor to 
the breath. So long as the breathing ia nncon£ned and 
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J.Tentllation free, we do not perceive it to any great ex- 
; bat in the coDfined atmosphere of a crowded and 
U-ventilated room it at once becomes perceptible by 
stifling and offensive odor. Though in compara- 
tively small quantity, there is reason to believe that 
this substance is even more deleterious to health than 
the carbonic acid which accumulates at the same time. 
It is undoubtedly through this vapor of the respiration 
that contagious diseases are communicated, when the 
two pereoDB who are affected have never been in actual 
L contact, but have only breathed the air of the same 
apartment. 

odoriferous matter of similar nature is also ex- 
haled with the per^iration. Like the former, it ia in 
minute quantity, and is only injurious when allowed to 
accnmulate and stagnate in the atmosphere. If carried 

^■Away by ventilation, it \& soon destroyed by the oxygen 

^K^the air, or decomposed by vegetables for their own 

^Klutrition. 

^K 117. TTrea. — Another very important and abundant 

^nnaterial of excretion is Urea. 

^M Urea is a crystallizable substance which is produced 

' in the body usually to the amount of rather over one 
ounce per day. We do not yet know in what particu- 
lar parts of the system it is formed, but it makes its 
appearance every where in the blood, dissolved in its 
liquid ingredients. The quantity of urea produced va- 
ries somewhat with the activity of the body ; for ex- 
periments have shown that it is increased by muscular 
exertion, and diminished during the periods of repose. 
Ev,en mental application alone, without bodily effort, 

I will be indicated by the increased amount of this sub- 
stance formed in the aystem. 
^ ■ ■- ■ 
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In some diaeaseB the urea accnmulates in the blood 
beyond its nataral proportion. It then prodncee very 
injuriouH effects, and acts upon the system like a poi- 
son. The senBcs become deranged, and the circulation 
is impeded ; and if the accumulation continues, it at 
last produces convulsions, insensibility, and death. 

But in health the urea is constantly discharged &otn 
the blood by the kidneys. As the blood passes through 
the capillaries of these organs, its urea filters away, 
and it returns cleansed and purified to the circulation. 
Thus, as the carbonic acid produced in the body ia ex- 
pelled from the lungs,- ao the urea is expelled by the 
kidneys. It accumulates in their passages together 
with other watery and inorganic iogredients of the 
blood, and is finally discharged altogether from the 
system. 

There are various other substances of a similar na- 
ture which pass out from the blood by the same chan- 
nels with the urea. Two of them arc termed Creatine 
and Greatinine. They are formed first in the muscles, 
and are absorbed from them by the blood. Another is 
termed Urate o/floiii!, because its peculiar animal ingre- 
dient is combined with soda at the time of its forma- 
tion. All these substances are expelled from the body, 
during health, nearly as fast as they are formed. 

Next to the lungs, therefore, the kidneys are the 
great organs of purification for the blood. By them its 
waste and exhausted materials are incessantly removed, 
while its other ingredients are retained in their due pro- 
portion. 

1 1 8. Benovation of the llateriala of the Body. — ^We eee, 
then, that the nutrition of the body is accompanied by 
a double movement of supply and discharge ; and neither 
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of these two procesecB can go on independently of the 
otlier. Intermediate between the two is a third move- 
ment, namely, that o£ secretion,' bat most of the secre- 
ted fluids, after being once separated from the blood, 
are again absorbed by the blood-vessels, and so re-enter 
the circulation. 

Now, if we examine the entire quantity of the mate- 
rials thus absorbed and discharged every twenty-four 
houT^, we can form an estimate of the rapidity with 
which the vital operations go on. We have already 
given the daily quantities of many of these eubstancec; 
those of the remainder are added in the following list. 
The numbers are all given for a man of orduiaiy stat- 
ure, weighing 140 pounds. In the first column is placed 
the quantity of material absorbed, in the second that 
of the material discharged. 



Absorsed ] 

Oxygen l.OZ lbs. 

Water. 

Albnmijioiis 



...4.73 ' 



feUiiiend Salts... 



DlBGHASaED D' 
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Carbonic Acid 1.63 llw. 

Vapor from the longs... I. IS " 

Peripiration 1.93 " 

Water of the Urine 2.02 " 

Ureaandoiherexcretiona .40 " 

Mineral Salts 0+ " 

7.07 

Rather more than seven pounds of material, there- 
i absorbed and discharged daily by a healthy 
nil grown-man ; and, for one having the average 
weight of 140 pounds, a quantity equal to the weight 
of the whole body is thus taken into the system and 
expelled from it in the course of twenty days. 
It is plain, also, that this material does not simply 
Upass through the system, like water through a sieve. 
rOn the contrary, it actually combines during its pas- 
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sage with the ingredients of the tissues, and forms fur 
the time a part of their Bubstance, A large portion of 
it also suffers chemical transfonnations two or three 
times over, under the influence of the vital actions, 
passing successively through different forms, until it is 
finally discharged in the process of excretion. 

Thus the history of nutrition is one of incessant 
change ; by which the various ingredients of the body 
are conliuuously destroyed and renewed, while the 
body itself remains always vigorous and unaltered. 
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QUESTIONS FOK CHAPTER XL 

1. WbM are the three processes ofnutiition? 

2. What k assimilalioa f 

3. Upon what fluid do tlie tissues depend far [heir 
i. Does the blood contain all the walerj and miDeral 

of the tissues? 

5. Does it coutAiu them in tbe samf proportion as they exist in ibe 
lisBues? 

G. Do these subiJiMices extst in the vaiious tissues id tho same pro- 
[jortion or in difTerenl proportions? 

T. Name some instances of the varjing proportion of inoi^anSc io- 
gredlentG In the diflfercnt tissues. 

8. How are tLeae sabatonces deposited in their proper proportion in 
each tissue 7 

9. Hon CQD the hlood supply more water or lime lo a tissne than It 
contains itself? 

10. Does the blood contain any of the " ulbuimnona" ingredicatU 
of the tisaues ? 

1 1 . What are the albaminoaa Ingredionta of the blood ? 

1 2. Name some of the albuminous ingredients of the tissues. 

13. How are the alburaioona ingredients of the Mood conTerted inlq 
those of the tissues ? 

H, What is a ifcrelionr 

IG. Name some of the secretions and their Dsea. 

in. Describe tbe structure ofa i7bn(t 

17. What are its /o/fe/<.,.r UstolmlesT lis " 



QUESTIONS. 

18. What is the arrangemenl of the capillary blood-vessels iii a 
gland? 

1!J. From what boutcs are the wnterj and mineral ingredients of a 
BBcretion supplied ? 

30. Bow is its animal eabstance produced ? 

21. How are Chs secretiona produced more abundantlj at pBrtic^ular 

S2. What is the lost of the processes of nutrition ? 
23. Do the organs of the bod; renuLin (lie s:uno, or arc they changed 
bj the perfomuince of their iimctions ? 

"H. la tliia chniige a destructive or a, healihj process ? 

26. How are the organs maintained in a healthy condition 7 

26. What is an excretion T 

27. Why must the excretions be discharged Irom the syalem ? 

28. What is the must abundant and important of all the excretions? 

29. How is it discburged ? 

30. What other excretion is dischorged with the breath beside car- 
bonic acid? 

SI. When do the odoriferous matters of the breath and perspiration 
■become deleI«rion8 ? 

32. What is urea f 

33. How mnch nrea is produced in the body per day ? 

34. When urea accnmidatcs in the blood in disease, what efTocl 
docs it produce ? 

S~>. By what organs is it discharged from the ajstem during health ? 

36. What other excretions are discharged by the kidneys ? 

37. What is the entire quantity of materials absorbed and dis- 
charged by the body in twenty-four hours ? 

38. Does Ihia material simply pass through the body, or is it com- 
bined with the tiBsaes and again decomposed? 

39. How long would it lake for the whole substance of the body to 
be renovated by nutrition ? 
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THE NERVOUS SYSTEM. 
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GENEKAI. STRUCTUEE ANU FUNCTlONa OF THE NEETO0S 
BT8TEM. 

United Action of tbe Organs. — Syslem of Telegraphs. — NerronH Filo- 
menW. — Nerves. — Spinal Cord. — Spinal Nerves. — Brain.— Cere- 
brum. — Cerebellom. — Medulla Oblongata. — Crajiial Nerves. — 
Nervous Fibrea are Organs of Conununieation. — Irritability of 
Nerves. — Setisitivo Fibres. — Motor Fibrea. — Nerve Cells.— Nen- 
ous Centres. — BefleK Action of the Nervous System. 

119. Ol^ect and Use of the ITervona Syetem. — Id the 
foregoing cbaptera we have etudicd the manuer in 
which each difterent organ of the body performa its 
work We are now about to see bow they are made 
to act in harmony with each other, for the benefit and 
support of the whole. 

For it is not enough that an organ be made capable 
of performing a certain ftinction; it mnst also act at a 
particular Htne and in a particular manner. How is it 
that the diaphragm moves apward and downwai-d just 
often enough to supply the lungs with the air needed 
in respiration ? The stomach, as we have seen, accretes 
its gastric juice precisely when this is required for the 
digestion of the food, and not at other times. The 
varying currents of the circulation, the action of the 
glandular oi^ans, and even the movement of the Ibnbs, 
must all work together, or alternately, in anch a way as 
not to interfere with each other, but to assist harmoni- 
ously in the general functions of the bodily frame. 

Tliis harmonious action of the different organs is se- 



228 



PHYBIOLOOY AND HYGIENE. 



cured by the aid of the Nervous System. What is the 
structure of the nervous system, and how does it per- 
form its work? 

120. General Airangemeiit of the Nervous System, — 
Imagine a series of telegraph wires ruuuing from all 
the police stations of a great city to the central office 
or head-quarters of the department. These wires form 
a communication between every street, lane, and ave- 
nue of each district and the central office, and again be- 
tween the central office and all parts of the city. Any 
thing which happens in one district may be telegraphed 
to head-quarters, and an answer at once retamed, giving 
the necessary orders or sending the required assistance. 
If a man is found sick or wounded, surgical aid is dia- 
patchcd to his relief. If a larger number of policemen 
are required to quell a disturbance, or to perform any 
unusual duty, they ai-e ordered from other districts and 
collected at the proper point by the same means of com- 
munication. Thus the whole machinery of the deparb- 
ment acta together or separately, as occasion demands, 
and its different parts move constantly in harmony 
with each other. 

The nervous system is such a means of commonicft- 
tion between the different parts of the animal frame. 

121. Nervona Fibres or Filaments.— Throughout the 
body there are distributed a multitude of alender white 
threads or filaments, which run in every directioD, in- 
terlacing themselves with the various tissues, and 
reaching every part of the skin, the muscles, and the 
glandular organs. These filaments are of extreme del- 
icacy, the smallest of them measuring only mioo of an 
inch in diameter, and the largest not more than -j,^ of 
an inch. Each one is composed of a fine gray ribbon- 
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like thread in the centre, which is surrounded by n 
white, soft material, very nearly lite thickened cream 
in consistency (Fignre 43), the ■whole being inclosed 
1 a. thin, transparent covering, or tubular membrane. 
The fllamenta bo formed are called the Nervous Jiia- 
menta. 

At their commencement, the nervous filaments, as we 
have said, are disseminated among the tissues of the va- 

^I'e^^ -^-^-1 "ons organs. From 

these points they ap- 
proach each other, 
uniting, side by side, 
into little bundles. 
As these biindles 
emerge from the dif- 
ferent parts of an or- 
I gan they also join 
I each other, and form 
I larger cords by the 
I continued association * 
of other filaments. 
When such a collec- 
tion has become large 
enough to be seen by 
I the naked eye, it is 
I called a Nerve. 

Each nerve, accord- 
ingly, is a bundle of 

I such filaments, col- 

— ._ , M form lected from different 

nsnei iio,3,e. NerTous fllamenta. parts, and all mnning 

^L in the same direction. These filaments do not unite or 
^m become confounded with each other ir " ' balance of 
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the nerve, but remain diBtinct, lite the separate threads 
ill a Bkein of silk (Fig. 43), 

When a nerve has thus disengaged itself from the 
deeper textures, and begins to run in the intei-stices be- , 
tween the adjacent parts, it becomes invested with a 
thin but strong covering of white fibrous tissue, which 
binds together and protects its separate filaments. For 
these filaments, composed of the boA and delicate mate- 
rial which we have described, would be liable to iiijoiy 
or laceration by the movement of the limba and the ■ 
pressure of more sobd organs, were they not protected 
by such an investment. This fibrous covering of the ' 
nerve is colled its " neurilemma," or Sheath. It gives to 
the nen-es that white and glistening color by which" 
they are recognized by the surgeon in his dissection of 
the various parts. 

TJie nerves originating in the skin and muscles of the 
different regions of the body, and from the upper and 
lower limbs, pass inward, from the right side and tha 
* left, toward the situation of the median line and the 
spinal column. Arrived in this neighborhood, they fom 
thirty-one distinct pairs, each pair consisting of two 
symmetrical nerves, one right and one left, coming &0ID 
the corresponding sides of the body. They then j 
through certain openings in the sides and back part of 
the spinal column, and thus penetrate into the cavity of 
the spinal canal. Here they unite into a long,white,cy- 
lindrical nervous mass, rumiing from below upward di- 
rectly along the middle line of the back, in the cavity of 
the spinal canal. This nervous mass is the Spinatcord. 

The spinal cord, therefore, contains within itself the 
filaments derived from all the nerves of the extenud 
parts of the body and limbs. As these nerves n 
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' with the Bpinal cord in the manner above described, 
I they are called the Spinal nerves. 

The subatance of the epinal cord is soft and delicate ; 
[ but it IB defended by the solid mass of the spinal col- 
umn in front, and by its bony prominences, which arch 
over and embrace .the spinal cord at the sides and be- 
Fig.i4. hind. It is thus inclosed 

I in a long cavity or canal, 
which we have already 
mentioned under the 
name of the " spinal ca- 
nal." The spinal cord 
passes through this ca- 
nal from below upward 
nntil it reaches the up- 
per extremity of the spi- 
nal column. Here it en- 
ters the cavity of the 
cranium, and at ouce ex- 
pandsinto a large round- 
ed nervous mass, which 
is the Brain (Fig. 44). 

The brain itself con- 
sists of three parts, viz., 
1st, an upper, larger, 
and more rounded mass, 
covered with sinuosilies 

Been (rom bohlpii.— 1, «. BrnlB, consist- Or convolutions, whlch 

fog of, (1), the CBKbroni, Hnd, (2), th8 . 

CerebBlJaior 3. the Splonl Cord and fills all the upper, mid- 

Nervfls; 4. Nerves of nppcr Umba; 6. ,, , ^ .'^ ., 

Nerrfcofloweriimba. die, and anterior portion 

F of the skull, called the Cerebrum; 2d, a smaller and 
[ more flattened portion, also convoluted upon its sur- 
face, Bitnatcd at the lower and back part of the sknll. 
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called the Cerebellum; and, 3d, a still smaller portion, 
placed at the junction of the spinal cord with the brain, 
and called the MeduUa oblongata. In the preceding 
figure the medulla oblongata is not shown, because it 
is concealed by the larger niasfts of the cerebrum and 
cerebellum. 

Both the brain and the spinal cord, furthermore, are 
divided by a deep furrow into two equal parts, right and 
left. These portions are joined to each other beneath 
by connecting masses of nervous snbstance ; but upon 
their surface, especially when seen from behind, aa jn 
Fig. 44, they present the appearance of two separate 
halves, corresponding to the two seta of nerves coming 
from the opposite sides of the body. 

Beside the nerves connected with the spinal cord, 
there are various other pairs, supplying the parts about 
the head and necl, which reach the brain by passing 
throsgh openings in the lower part of the ci-aniom. 
They are called the Cranial neraea. They are not rep- 
resented in the preceding diagram, as they pass, for the 
most part, in a direction from behind forward, and &om 
before backward. 

Thus the main part of the nervous system, as above 
described, consists of, 1st, the Nerves coming from the 
various parts of the body ; and, 2d, the Brain and ^i- 
nal cord, with wliich these nerves are united. 

Now the nervotts filaments are the fibres of communi- 
cation of the nenjom system. They are the telegrapWo 
wires through which its secret messages are sent from 
one part of the bodily frame to another. How is it 
that they perform this office ? 

122. Irritability of the Nervous rihrea— Each nervous 
iihre is endowed with a peculiar power, which is called 
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iTTitaMlity. By this we mean that whenever it re- 
ives a certain impreBsion, every portion of it is ronsed 
to a peculiar state of activity or excitement. What 
the precise nature of this activity of the nervous 
,ifilament wo do not know ; but we know that it is in- 
stantly propagated through its substance from one ex- 
tremity to the other. If yon strike one end of a bar 
of iron, the metal vibrates throughout its entire length. 
Somewhat in a similar way, when the proper stimulus 
is applied to one extremity or any part of a nervous 
fibre, the whole of it is thrown into simultaneous ex- 
citement. 

Now this activity of a nervous fibre does not pro- 
duce any visible effect in the nerve itself Its peculiar 
quality is that it calls into activity some other organ. 
Thus the muaclea are made to contract, or the glands 
ure excited to secretion by the stimulus of the nerves ; 
and yet the nei-ves which convey this excitement do 
not themselveB show any change in their appcai-ance. 
They serve to communicate the stimulus which is to 
produce its effect elsewhere. 

123. Two different kinds of Nervous Fibres.— But when 
we closely examine the nervous fibres, they are found 
to be of two different kinds, endowed with two different 
Unctions. 

The first are the sensitive fibres. They are distrib- 

ited throughout the skin, the lining membranes, and 

ither organs of the body. They are so called because 

they are sensitive to the impressions made upon these 

■gans ; and they communicate the impressions thus re- 

lioeived to the central parts of the nervous system. They 

.namit the nervous excitement, therefore, in a dircc- 

n from without inward. 
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The others are the motor fibres. They are so called 
because they call into motion or activity the muscleg 
or other organs to which they are distributed. They 
act, accordingly, in a direction exactly contrary to tha 
former, and transmit the nervous stimulae from within 
outward. 

124. Nerrous CentreB,or Oanglia. — But the wires of » 
telegraphic system would be useless in themselTeB un- 
less they were connected with a telegraph office or sta- 
tion, where their messages could be received, and from 
which the necessary answers could be returned. There 
ai-e such telegraphic stations in the nervous system. * 
Beside the white nervous matter, formed of the fila- 
ments or fibrca already described, there is another kind 
of nervous tissue, called the " gray" or " cineritions" 
matter. As its name indicates, it is of a gray or ashy 
color; and it contains, beside nervous fibres and blood- 
vessels, a great abundance of microscopic bodies, of va- 
rions forms, which are called the " ncrve-oells." These 
cells are the peculiar elements of the gray nervous mat- 
ter, and are not found elsewhere. They are generally 
Fig. 40, more or less rounded in form, 

vith an oval spot upon each, 
which is called its " nucle- 
" Many of them havB 
alender projections or elon- 
itiona running ont from 
the surface in variouB dire©-, 
tions (Fig. 45). The nerve-' 
fibres are abimdantly min- 
gled and interwoven wil 
' the cells, and often, if ni 
always, communicate with' 
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3y means of the slender proloogationa above spo- 
|,keii of. Sucli a collection of gray nervouB matter ie 
I'fiaid to be a " ganglion." 

The gray matter forms a large part of the structure 

I of the nervous system. It is found in the interior of 

I the spinal cord, running in a double tract through its 

central parts, from one extremity to the other, being 

covered by the white fibres on its exterior. In tho 

brain, on the contrary, it is spread out upon the sm-face, 

forming the folds and convolutions; and it is also dis- 

. tributed in several difiei-ent masses in the deeper and 

f Inferior parts. The brain and spina! cord niay there- 

\ fore be considered as a collection of ganglia, added to 

,he mass of white fibres coming from the nerves. 

Now the ganglia are what are called the ^eT'voua 
Centres. That is, the sensitive fibi-es terminate in them, 
E-and the motor fibres oi-iginate in them. We have al- 
■.ready said that these fibres are only organs of commu- 
nication. But the nervous centres are the organs which 
e the sensitive impressions from -without, and 
which originate the nervous action from within. They 
receive intelligence by the sensitive fibres from the dis- 
tant membranes ; and by the motor fibres they send 
kiut in return the stimulus which calls into activity the 
tnuBcles or the glands. 

12S. Eeflei Action of the Nervous System. — Thus the 
Biervous centres are intermediate in their function be- 
Jtween the sensitive and motor fibres. The stimulus 
■conveyed from without inward is received by them, 
■;Bnd then returned or reflected in the opposite direc- 
tion. This action is called tho Refiex Action of the nem- 
mtms system. 

This term expresses the whole secret of the nervous 
fiinctiors. 
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We see, accordingly, how it is that the nervous sya— 
tern, acts as a means of communication between differ- 
ent organs. This communication is not direct, but c 
cuitous in its actioa It passes first inward to the 
nervous centres, and again outward by reflection to the 
exteriial organs. 

By the operation of the nervous system, also, we find 
that a stimulus applied to one organ excites the activity 
of another. Thus cold applied to the akin product 
contraction of the muscles ; food introduced into the 
stomach causes the evacuation of the gall-bladder; and 
an irritating substance in the throat excites coughing 
by the muscles of the abdomen. 

Thus the different organs are associated in their fiino 
tion, and made to act together, separately or in suceeB- 
sion, as the requirements of the system may dictate. 

There are a considerable number of nervous centres, 
which preside over different functions, and which re- 
ceive and communicate Btimulus of different kinds. We 
shall now proceed to study in succession these various 
departments of the nervous system. 




QUESTIONS FOR CHAPTER XH. 

1. Why must the different organs act in fwrniBny vnt\i each other? 

2. By what system in the harmonious ftttion of the organs secured f 

3. What is the strnctore, size, and appearance of the nervougjita- 



4. Whatisaneire* 

5. By what ore the (ilnments of a 
tecteii? 

G, In what part of the nervous system lio the nerves of ihe body 
ajid limbs tenuinate ? 

7. What is the eituntion and form of the spinal cord ? 

8. With what is the spinal cord connected at its upper extremity ? 

9. In what cavity is the brain contained ? 



c hound together and pro- 
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10. What are the three principal parts of the brain ? 

11. By what are the two lateral halves of the brain and spinal cord 
separated from each other ? 

12. What are the spinal nerves t what are the cranial nerves t 

13. What is the general function of the nerves and nervous fila- 
ments? 

14. What is the irritability of a nerve ? 

15. Where is the effect of nervous irritability manifested — ^in the 
nerve itself or in some other organ ? 

16. What two kinds of nervous fibres are there in the nervous sys- 
tem? 

17. What is the property of the sensitive fibres ? 

18. What is the property of the motor fibres ? 

, 19. What is the structure of the gray nervous matter t 

20. What is the name given to a collection of gray nervous matter ? 

21. Where is the gray matter situated in the spinal cord? in the 
brain? 

.22. Whatis the function of a ganglion? 

23. What is the reflex action of the nervous system t 

24. Name some instances of reflex action. 
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CIUPTERXm. 

THE SPIRAL NKKVK3 AND SPINAL COED. 

Function of the Spinal Nerves. — Sensa^on and Morion. — Para^s 
from injnry of Herro. — Eoatoration of a, divided Kerve. — Anlsrior 
and Posterior Roots of Spitinl Nerves. — Anterior Boots nwlor. — 
Posterior Itoots sensirive. — Anterior and Posterior Columns of the 
Cord, — Anterior Cclnmna motor. — Posterior Columns sensitive.— 
Connection of Spinal Cord with Brain. — Paralysb from injury of 
Spinal Cord. — Paraplegia. — Crossed Acdon of the Spinal Cord. — 
Hemiplopa. — Intercostal Nerves. — Phreiuc Nerve. — Sensilrilitj of 
the Skin — its Vaiiation in different Port*. — Ordinary SensiUlity. — 
Scn^hiliC]' to Pain. — Sensibility lo Heat and Cold. — Spinal Cord aa 
a Nervous Centre, — lis Gray Matter. — Eeflex Action of die Spinsl 
Cord. — Its Character and Function. 

126. Distribution of the Spinal NerveB. — The epinal 
nervea, as we have seen, which are distributed to the 
esternal surface and mtisclcs of the hody and limbs, 
place these organs in commtmication with the spinal 
cord, and, through the spinal cord,Ulso with the brain. 

Kow these nerves are the organs of the two great 
functions of Sensation and Motion. If we touch any 
part of the external snrface we feel the contact, becanee 
it is transmitted to the nervous centres by the nervs 
coming from the part. Whenever we move a limb, wo , 
do so by means of the nerve which calls into action the 
rauBclea to which it ia distributed. These two fbnc- 
tiona, therefore, of sensation and motion, are confided to 
each nerve for that part of the body to which it be- 
longs. 
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127. Effects of injury to a Spinal Nerre.- 
ly, when a spinal nerve is iEJared or destroyed, these 
iiiiictioiiB can not continue. Such an effect ie produced 
whenever the principal nerves of the arm or the leg are 
accidentally compressed so that their vitality is suspend- 
ed. The limb is then said to be " asleep." It is numb 
and powerless, and seems like a dead weight attached 

I to the body, When the pressure is taken off, the nerve 
gradually rocovera itself, and Hensibility and movement 
return in the affected limb. 
The same effect is still more complete when a nerve 
is actually cut or torn apart, Then all communication 
IB severed between the central parts and the injured 
limb. The musclea may be sound, but we can not use 
them, since the necessary stimulus can no longer reach 
them through the divided nerve. The skin may be un- 
injured, but we can not feel, because the nervous com- 
munication stops short before it arrives at the spinal 
cord. This affection ia called Faralysid. 

In such cases the paralysis, of course, is confined to 
that part supplied by the injured norve. Thus, if the 
nerve going to one leg be cut off, that leg alone is par- 
alyzed. If the nerve belonging to the right arm be di- 
vided, the right arm alone is affected. Any portion of 
the limb, such as the hand or even one finger, may be 
separately paralyzed, if the nerve distributed to it be 
severed while the others remain uninjured. 

In such a paralysis it is evident that there are two 

^different affections combined, namely, a pora^ysia ofmo- 
Ktion and Aparalyais of sensation. Both kinds of paral- 
■ ysis are produced at once, because the nerve contains 
|both motor and sensitive fibres, and becauee all these 
IBbres have been cut off at the same '' 
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128. fteunitm of divided Nerves.— Now, does an i 

dent like this destroy all hope of cure, and entail a per- 
manent loss of motion and senaibility in the injnred 
parta ? Fortunately it does not, If it were so, every 
surgical operation would produce more or less paraly- 
sis, and even every accidental cut upon the fingers 
would destroy the sensibility and action of some por- 
tion of them. For the smaller nerves are so finely dis- 
trihuted that some fibres are necessarily severed by any 
incision of the tissues, and afler a time a repetition q, 
such accidents would paralyze a considerable port 
of the surface. 

But these fibres, when cnt, grow together again. ' 
heal, like the muscles or the skin, and thus re-establish 
their communication. This healing of the nerves is 
slower and more difficult than that of other tissncB, and 
therefore the surgeon avoids them in his operations. 
But after a long interval, sometimes several months or 
even a year, according to the size of the nerye, fix 
wounded fibres gradually reunite, and sensibility i 
turns to the surrounding parts. 

In the spinal nerves of the limbs and trunk the » 
tive and motor fibres are inextricably mingled togt 
er. They also have precisely the same struotnre, a 
we can not diatingnish one kind from the other by a 
'difference in their appearance. We only know that the 
nerve serves at the same time both for sensation and 
motion, and therefore that it contains both motor and 
sensitive fibres. 

129. Distinction of Seneitlve and Motor Boots in the 
Spinal Nerves, — But as the nerve entera the cavity c 
the spinal canal, a curious change becomes manifest ii 
anatomical arrangement. There the two kinds of fibj 



vity of 

tstiaj 

3ffibfl 



TUK SPINAL NKEVKS AND SPINAL COKD. 241 

i pait company. The aenaitive fibres pass backward in a 
leparate bundle, and join the splaal cord toward its pos- 
l-teriorpart; the motor fibres disengage themselveB trom 
[ the others, and unite with the spinal cord toward its 
front part. Thus every apioal nerve, on each side the 
body, has two separate roota, by which it is connected 
with the spinal cord, viz., a posterior root, composed of 
sensitive fibres, and an anterior root, oomposed of mo- 
ires (Fig. 46). 




In the accompanying diagram, the spinal cord is 
Tahown in transverse section ; that is, as if it were cut 
•acrftss horizontally at the level of one pair of spinal 
tierves. The lower part of the drawing represents the 
front of the spinal cord, and the upper part its posterior 
jfwrtion. Tlie two roots of each nerve, anterior and pos- 
terior, are seen separating from each other, and uniting 
with the corresponding parts of the spinal cord. The 
poaterior root has upon it a small swelling or ganglion 
(marked c), which is the only particular in which its 
Appearance differs materially fir '' 'he anterior 

root. The longitudinal fissure 
L 
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the Bpinal cord is partially divided into right and left 
balyes. This fissure is rather wida and shallow at the 
front, but narrow and deep behind. Finally, the gray 
matter is seen in the central part of the spinal cord, 
showing the singular crosB-liie form in which it is ar- 
ranged. 

While in the nerves of the exterior, accordingly, the 
fiinctions of motion and sensibility are mingled togeth- 
er by the interlacing of their fibres, in the central parts 
of the nervous system they are separated from each 
other and occupy distinct situations. 

What becomes of the fibres of the nerves after they 
have been united with the spinal cord? 

130. Passage of Sensitive and Motor Fibres through 
the Spinal Cord. — On arriving at the corresponding por- 
tions of the cord, they change their direction and pass 
from below upward. The sensitive fibres of the pioste- 
rior roots then form a part of those two vci-tical bun- 
dles of wliite nervous matter which run up and down 
on the back of the spinal cord, on each side the central 
fissure. (See Fig. 44.) Tliese are called the J'Osterior 
columris of the cord. Tho motor fibres of the anterior ' 
roots join two similar bundles of white matter in front; 
these are called the Anterior coluTtvna of the cord, • 

The posterior columns of the cord are sensitive, like 
the fibres of the posterior roots ; and the anterior col- 
umns are motor, like the fibres of the anterior roota, 

131. Termination of Nervous Fibres in the Brain. — 
From this point the anterior and posterior columns of 
the cord piirsue their course to the upper part of the 
spinal canal. Here they enter the great opening or 
foramen in the base of the skull, and then, enlai^ing 
and spreading their fibres in various directione, t«rnii- 



THE SPtMAL N&BTEB AND BPHiAL COBD. 243 

bate, as we have already said, in the sabstance of the 



Throughout this distance the nervons fibres of the spi- 
Lal cord maintain an undisturbed conDection. Anato- 
a not yet determine whether each filament by 
ls a continuous and uninterrupted course from 
e to the brain throughout the spinal cord, or 
I whether successive fibres connect with each other the 
I nerve, the spinal cord, and the brain. For these fila- 
I'ments are so innumerable and so delicate that it is im- 
e to follow the same one under the microscope 
lough to be sure of its exact destination. But, 
'batever may be their precise anatomical arrangement, 
the physiological connections of the anterior and pos- 
terior columns are continuous and complete up to the 
point of their termination in tbe brain. 

Now the brain is the seat of the consciousness and 
e wUl. No sensation can be perceived until it arrives 
it tbe brain, and no voluntary motion can be performed 
i the nervous stimulus, starting from the brain, 
1 reach the nerve through the spinal cord. 
The spinal cord, therefore, as thus far considered, is a 
medium of communication between the brain and the 
apioal Derves. It may be regarded itself as a great 
_nerve, inclosed in the spinal canal and giving off the 
; pairs of spinal nerves as branches from its 
wn trunk. 

132. Paralysis from Injury of the Spinal Cord. — Ac- 
iOidingly, any injury to the spinal cord will produce 
Kiralysis of the parts below. This happens where any 
(severe .-leeidcnt has broken and displaced the bony 
arches of the spinal column which inclose and protect 
the cord. Tbe broken pieces of bone, pressing upon 
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the cord and lacerating its subBtanoe, cut off the com- 
munication between the brain and the inferior parts. 
When such an injury has prodnced paralysis of the 
lower part of the body, we say of the paralyzed person 
that his "back is broken." The fracture of the bones, 
however, would not be, by itself, of much consequence, 
since it is only the projections on the back of the spi- 
nal column which are usually broken ; but it beootnea 
important and dangerous on account of the injury in- 
flicted at the same time upon the spinal cord. 

When such a fracture of the spine happens in the 
middle of the back, the legs are paralyzed, while the 
arms remain unaffected. This form of paralysis, which 
is confined to the lower half of the body, is termed 
Faraplegia. If the bjury be in the middle ofthe neck, 
the arms are also paralyzed, since the spinal cord is 
then severed above the point at which the nerves to 
these limbs are given off. 

In all such cases as the above, the powers of motion 
and of sensibility are usually paralyzed together. The 
skin becomes insensible, and the voluntary muscles pow- 
erless over the whole extent ofthe paralyzed parts ; be- 
cause BO rude an injury to the spinal cord will general- 
ly reach all parts of its thickiieas, and tear off at the 
same time its sensitive and motor fibres. But some- 
times it happens that the accident affects only the an- 
terior or only the posterior portion of the cord. In 
such instances the power of motion is suspended while 
sensibility remains ; or, on the other hand, the e 
bility ofthe skin is lost while the muscles retain tbeir 
power, 

1.13. Decussation of the Uotor iisd Sensitive I^breB of 
the Spinal Cord. — A singular feature in the connection 
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I of the Hpinal nerves with the brain through the spmal 
I cord is that this conaection is a croBsed one ; that is, 
[ that th& nenjes of the right side of the bod/y are conneot- 
1 ed with the left side of tJie brainy and those of tlte left 
[ eids of the body with the right side of the brain. 

The anterior columnB of the cord pass upward, as we 
I have seen, their fibres running nearly parallel with each 
i other until they reach the entrance to the skulL Im- 
mediately above this point, and before joining the brain 
proper, the spinal cord enlarges into a somewhat wider 
and thicker oblong-shaped mass, which has been already 
mentioned, called the "medulla oblongata." At this 
Bitnation the fibres of the two columns cross over ob- 
liquely from side to side, those of the left anterior col- 
umn passing to the right side, and those of the right 
anterior column passing to the left side. This is called 
I the " Decussation of the anterior columns of the cord." 
I'Their fibres then terminate respectively in the corre- 
I'flponding sideB of the brain. 

Thus each side of the brain holds under its control 
i the voluntary movements of the opposite side of the 
I body. 

134. ParalysiB from, injury of the Brain. — The conse- 

■ quence of this is, that when a serious injury is inflicted 

I upon the brain at the point where these motor fibres of 

the nerves take their origin, a singular kind of paralysis 

B produced, which is exactly confined to one aide of the 

I 'body. The right arm and the right leg, for instance, 

■will be paralyzed, while the two limbs of the left side 

will remain uninjured. This kind of paralysis is known 

g hemiplegia. It is situated on the opposite side of 

i the body to that on which the injury to the brain has 

' l>een inflicted. 
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The soneitivG fibres of the spinal cord also pass from 
one side to the other. Their crossing, however, takes 
place, not in a particular spot, but throughout the whole 
length of the cord. As the sensitive root of each nerve 
joins the posterior column, its fibres soon pass over 
through the central portions of the cord, and then form 
a part of the posterior column of the opposite aide. In 
hemiplegia, therefore, produced by injury of one side 
of the bram, the power of sensation is lost on the oppo- 
site side of the body, at the same time with the power 
of motion. 

135. Intercostal and Phrenic Nerves, — Among tbe spi- 
nal nerves there are certain ones that deserve particu- 
lar attention. 

The first of these are the IntercoBtal nerves. As their 
name indicates, they are situated between the ribs, and 
are distributed to the intercostal muscles in the same 
situation. They are united with the spinal cord in the 
middle region of the back, from the level of the first rib 
to that of the last. It is these nerves, therefore, which 
enable the intercostal muscles to move in the act of in- 
spiration. 

Now, if we recall the mechanism of inspiration, we 
shall remember that this mechanism conaieta of two as- 
sociated actions : first, the movement of the diaphragm, 
by which the abdomen is protruded below, and, second- 
ly, the movement of the intercostal muscles, by which 
the chest is raised and expanded above. Both these 
sets of muscles are animated by nerves which come 
trora the spinal cord ; and the intercostal nerves, as we 
have Been, are given off from it in the middle region of 
the hack. 

Accordingly, if the spinal cord be injured at the level 
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of the first rib or at the lower part of the neck, Uio in- 
tercostal muBcles are at once paralyzed. The chest no 
longer expands In respiration, but remains qnieacent 
and motionleBB. It is for this reason that a fracture of 
the spine at the upper part of the back is more danger- 
ous than when situated lower down. Nevertheless, the 
breathing does not stop altogether, since it is still par- 
tially kept up by the action of the diaphi'agm. 

The other important pair of spinal nerves are the 
Phrenic Tierves, which belong to the diaphragm itself 
This nerve springs from the spinal cord by branehea 
from two or three of the spinal nerves, just above the 
middle of the neek. Thence it passes downward aa a 
single trunk on each side, and, entering the cavity of 
the chest, is distributed to the muscalar fibres of the 
diaphragm. Upon the phrenic nerve depends the whole 
power of motion of this important muscle. 

When the spinal cord, therefore, is severed above the 
middle of the neck, both the intercostal muscles and the 
diaphragm are paralyzed together. AH the movements 
of respiration accordingly cease, and death is necessa- 
rily produced. 

136. Aoute&eBS of Sensihility in diffeient parts. — Sev- 
eral facts remain to be noticed in regard to the sensibil- 
ity conferred by the fibres of the spinal nerves. 

This sensibility is extended throughout the skin or 
general integument of tlie body, and is therefore called 
the " General sensibility." It is not, however, distrib- 
uted every where in an equal degree, but is much more 
acute in some situations than in others; being more 
highly developed than elsewhere in the tips of the fin- 
gers. Physiologists have sometimes measured the de- 
gree of sensibility of different parts; and have found 
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that at the tips of the fingers it is twice as great as at 
the middle of their imder Barface.five times as great as 
on the back of the fingers, nine times as great as cm the 
back of the hand, seventeen times as great as on the 
top of the foot, and more than thirty times as great as 
in the middle of the back. It is for this reason that we 
generally use the fingers as the organs of toaeh ; and 
abo because by their varied movements we can eauly 
adapt them to the diSerent surfaces which we may 
wish to examine. 

The sensibility of the skin is called into action by the 
contact of foreign bodies, and gives us Information of 
their softness or resistance, their external shape, tie 
smoothness or rougbneas of their surface, their fluidity 
or solidity, of cold and heat, and of all the physical 
qualities which can be ascertained by the touch. 

The internal tissaea, bucL as the maBcIee and some 
of the lining membranes, arc also endowed with sensi- 
bility, but it is much less acute in them than in the 

137. BeiiBibility to Pain. — It is through the sensibility 
of these parts that we are capable of feeling pain. But 
it is a onrious fact that the sensibility to pain is entire- 
ly distinct from ordinary sensation, and even interferes 
with it exactly in proportion as it becomes more acute. 
Thus, if wo place the hand upon a piece of iron at or- 
dinary temperatures, we can tell whether it is cool or 
warm, and can form a good idea of the exact degree of 
its cold or. heat. But if it be hot enough to bum the 
skin, we no longer estimate the degree of its tempera- 
ture, but only feel the pain which it occasions. It' is 
for this reason, as it is commonly said, that bodies which 
are excessively hot or excessively cold produce the same 
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Bensation. The truth is, they do not produce any sen- 
aation of cold or heat, properly speaking, but only a 
Benaation of pain, which is different from either. 

138. Sensibility to Heat and Cold.— Finally, the senBi- 
bility to heat and cold is different also ii-om the ordina- 
ry eenBibility of the touch ; and inetancea have been 
known where persons have lost the power of distin- 
guishing temperatures, while they have retained both 
the sensibility of touch and the sensibility to pain. 

All these different kinds of sensation are communi- 
cated to the brain through the medium of the spinal 
nerves and the spinal cord. 

So far, then, we have found tlie spinal cord to be an 
organ of communication between the spinal nerves and 
the brain ; serving to conduct the power of sensation 
and voluntary motion by moans of its anterior and pos- 
terior columns, 

139. The Spinal Cord as & Nervous Centre. — But tho 
spinal cord is also a Nervous centre. For it contains in 
its deeper parts a double band of gray nervous matter, 
in the form of a long ganglion running through its en- 
tire length. The form and situation of this gray mat- 
ter may be seen in a transverse section of the cord, as 
in Fig. 46. The motor and sensitive fibres of the spinal 
nerves not only join its anterior and posterior columns, 
as already described, but they also communicate with 
the gray matter in its central parts. The spinal cord 
may therefore act independently, as a distinct ganglion. 

When the cord is severed in the region of the neck 
or the upper part of the back, communication with the 
brain being cut off, all voluntary motion is lost in the 
museles of the limbs below. But still these muscles 
may act j and they may act in response to a stimulus 
L2 
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applied to the skin of the paralyzed parts. This is 
sometimes seen in persons affected with complete pa- 
ralysis of the lower half of the body. Such persons are 
entirely helpless and insensible in the lower limba. And 
yet touching the legs or the solea of the feet, tbe impreB- 
sion of cold air, or the contact of the clothes, will often 
produce very evident twitching of the muscles, and even 
bending or straightening of the knees and ankles. 

In these cases the patient has no feeling in the para- 
lyzed parts, and no knowledge of the movements which 
they execute. The brain, therefore, has nothing to do 
with these movements. They are performed by the in- 
dependent action of the spinal cord. Such moventeDts, 
however, are reflex in their nature. That is, the action 
of the muBcles is excited by a stimulus applied to the 
skin. The nervous stimulus is first conveyed inward 
by the sensitive fibres of the skin, and again reflected 
outward through the motor fibres to the muscles. This 
is called the Jt^iex Action of the spinal cord. How ia 
this action accomplished ? 

When the stimulus applied to the skin is conveyed 
inward by the nerves, it arrives at the spinal cord by 
the posterior roots, and reaches the gray matter in its 
central parts. Here the gray matter receives the nerv- 
ous impression, and instantly converts it into a motor 
impulse, which is reflected outward along the motor 
fibres of the anterior roots. As these fibres are final- 
ly distributed to the muscles, they stimulate these or- 
gans to contraction, and thus the reflex movement is 
finally produced (Fig. 47). In the accompanying dia- 
gram the spinal cord is shown in vertical section ; that 
is, as if it were split longitudinally from above down- . 
ward. The gray matter in its centre, therefore, ap- 
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peara as a vertical band 
or ribbon, still covered 
with the white subBtanoe 
on its exterior. The di- 
rect! oa of the nervoHB 
»)timulu8 is also shown, as 
it passes inward by the 
posterior root to the gray 
matter, and is there turn- 
ed or reflected back, to 
pass outward again along 
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Now the peculiarity of this action of the spinal cord 
is that it ia a perfectly simple reflex action ; that ia, 
it is not accompanied by any sensation, con&ciovMteae, 
or volition. These properties reside altogether in the 
brain, and do not belong to the spinal cord. Conse- 
quently; when the communication with the brain is cnt 
off, it is only the simple blind operation of the cord 
itself which is called into activity. 

140. Importance of the Keflex Action of the Spinal Cord. 
— But this independent action of the spinal cord takes 
place also in health, only we do not usually notice it, 
because our attention is not attracted by any conscious 
sensation. Nevertheless, it is very important in pro- 
tecting the body from sudden injuries, and in regula- 
ting the action of some of the internal organs. 

When the skin of any part is unexpectedly brought 
in contact with a foreign body, such as a heated iron or 
a rough surface, we often withdraw the limb by an in- 
stantancons and involuntary motion before we are fair- 
ly conscious of any iiyury. This is the reflex action of 
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the spinal cord. In falling from a height, the limbs are 
instinctively thrown into such a position as to defend 
the most important parts of the body, aiid break as 
much as possible the force of the shock. This is the 
redox action of the spinal cord. Certain of the internal 
muscles which guard the natural passages of the body 
are maintained in continuous contraction without vol- 
untary effort and without fatigue, and are moved in va- 
rious directions at the proper time, to provide for the 
healthy operation of the internal junctions. This is 
also accomplished by the reflex action of the epinal 
cord. 

When the sensibility or reflex power of the spinal " 
cord is umiaturally increased, it produces diseases of a 
terrible character. These are the various affections 
which are accompanied by Convtilsions / in which all 
the muscles of the body are thrown Into involuntary 
spasms, and the limbs are bent and distorted by irre- 
sistible contractions. In the convulsions of infants, 
these movements are usually caused by indigestion. In 
the more fatal diseases of "Tetanus" and "Hydropho- 
bia," in grown-up persons, the least external excitement, 
such as the opening of the doors, the contact of the 
dress, or a breath of air, is sufficient to call out the un- 
natural irritability of the cord, and throws the whole 
muscular system into spasmodic rigidity. 

During health, accordingly, we are not conscious how 
much we owe to the spinal cord and its reflex power. 
Quiet and unnoticed, it keeps watch over the safety of 
the body, ready to act at an instant's warning, and per- 
fonns its work without ever causing ua fatigue, or re- 
quiring any effort of attention or of the will. But when, 
initated by disease, it loses its character of moderation 
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and regularity, and from the servant of the body be- 
es its master, then it rapidly exhauBte the muscular 
force and deatroya life by the uncontrolled violence of 
ita action. 

The spinal cord, therefore, la not only a medium of 
communication between the brain and the external 
parts. It is also a nervous centre, which presides by 
itself over the involuntary movements of the body and 
limbs. It acts as such without our consciousness and 
independently of our will ; and its function is to pro- 
vide for certain muscular actions in the intei-ior, and to 
protect the body against unforeseen dangers from with- 
out. 

QUESTIONS POE CDAPTEH Xm. 
How am the dillerent parts of ttie boilj and limba placed in com- 
miuucation with tlie spiiul cord and the brain ? 

2. What are the two great funclionii of the spinal iicrvea ? 

3. What ia the affect of comprossing or cutting off a spinal nerve? 

4. What is pandjais ? 

6. What two kinds of paralysis exist together after cnlting oiF a 
spinal nene ? 

6. Maj the nerve grow together again after it has been once di- 
Tided ? Wlml effect does this have on the paralyzed parts ? 

7. What two kinds of fibroa are contained in (he spinnl nerves ? 

8. How are the sensitive and motor fibres separated within the spi- 
nal canal? 

5. How and where do they unite with the spinal cord? 

10. Of what fibres ia the anlerior root of a spinal nerve compoaed ? 

11. Of what is the /josferior root composed ? 

12. In what direction do the nervous fibres paag al^er joining the 
spinal cord? 

18. Wliat are the anterior and poslerior columns of the cord, and 
what is the difference in their function? 

14, What is the effect of injurj of the spinal cord upon the parts 
below? 

1.1. Why is fracture of the spine liable to produce paralvais ? 
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16. WhalU/inm/ifryia.' 

17. Whttl part of the spinal cord mtist be iojiired to prodnee p 
plegia? 

18. What part of the apinal cord ronst be iQJnred to produce paral- 
ysis of both anna and legs ? 

19. Are motion and seDiBlion both enspended together in ordinal; 
cases of paraljaia? 

20. Are Ihej ever affected separutelj ? Under what circomstaDce*? 

21. How ore the two opposite sides of tbe bodj and brain connect- 
ed with each other? 

22. Where do the fibres of the anterior ctdunins cross to the c^po- 
EitesiOe? 

23. What is hemiplegia f 

24. If the rijAi aide of the brain be injured, which side of ihe bodv 
will be paraljzed 7 

25. If [he left side of the brain be injnred, which side of the body 
will be paralyzed 7 

26. Where do the sen^live Sbies of llie spinal cord cross from side 
to side 7 

27. Where are the intercoalal nertes nnited with the spinal cord? 
2S. What effe:?t is produced on respiration by fractnre of the sphie 

at the upper part of the bock 7 

29. By what nerves is the diaphraym snpplied ? 

30. Where ore the phrenic nerves united with the spinal cord? 
81. What effect is produced on respiration by injuiy to the Bjnnol 

cord above the origin of the phrenic nerves? 
33. What is " general sennibiliti/ f" 

33. In what parts is the sensibility of the integument most acnte? 

34. la the sensibiUtj of the iutemol organs more or less acute than 
that of the skin 7 

3.5. What information do we acquire by means of tbe general nu- 
ffliility? ■ 

36. What is the difference botvfeen geaeral eensibihty and senm- 
luUty to pain 7 

K7. May general sensibility exist without eeneihihiy to p^n, and 

39. Why ia the spinal cord a nercDUs centre as well as an organ of 

n of the spiiial cord t 

1 seen in paralyzed pcrnoiis ? 
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41. How is the nervous stimulus conveyed in reflex action of the 
spinal cord? 

42. Is this action accompanied by sensation ? by consciousness ? 
by volition ? Why not ? 

43. Name instances of the involuntary reflex action of the spinal 
cord in health — ^in disease. 

44. What is the effect of excessive irritability of the spinal cord in 
disease? 
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Character of tba Cranial Nervea. — Sensibility of the Face. — Fifth 
Pair of Cranial Nerves — its three Branches — their Distribution — 
their Sonaibilitj. — Nonralgia. — Tic Donlonreus. — Motor Brunch 
of the Fifth Pair. — Muscles of Mastication.— TemporaJ. — Masse- 
ICT. — Pterjgoidfl. — MOTemeota of Expression. — Facial rJoiTe— its 
Distribntion— its Motire Power. — Pftralysis of the Face, — Hypo- 
glossal Nerve. — Movements of the Tongue. — Pneumogastric Nerye 
— ila Oripn ami Distribution. — Pharyneeal Brimch. — Act of D^- 
lutition.— Sensibilitj of the Phaijns. — Protection of the Nostrils 
in Deglutition. — Laryngeal Brandies of the Pneumogaatric — The 
Glottis— ita Movements in RespiratiotL — Protection of tba Glottij 
in Deglutition. — Formation of the Voice. — Action of the Larynx. 
In the study of the spinal ncrvGB we have seen that 
these nerves by their sensitive fibres snpply sensibility 
to the skin of the body and limbs, and by their motor 
fibres communicate the power of motion to the corre- 
sponding parts. 

141. Functions of the Cianial Nerves. — Now the same 
powers reside in the external portions of the head and 
face. The skin of these parts is also Bensittve, and theii 
movements are varied and importantr Accordingly, 
they are supplied with nerves similar in many respects 
to those connected with the spinal cord. Bnt as the 
nerves of the head and face pass directly from the brain 
through openings in the bony floor of the ci'aninm, they 
are distinguished by the name of the Cranial nerves. 
In all there are twelve pairs of cranial nerves. But 
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ame of these nervea are very peculiar in their na- 
ture, and have no relation with the external parts bnt 
only with the organs of the special senses, we shall ex- 

le for the present only those which are connected 
with the simpler and more ordinary nervous functions 
of this part of the body. 

The first of thesG functions is that of Sensibility. This 
power is highly developed in all parts of the face, and 
at the tip of the tongue is more acute than in any other 
yart of the body, being twico aa great as in the ends 
ipf the fingers. The lips are also highly sensitive, and 
the eyelids, the nose, and the surface of the cheeks pos- 

the same property in a somewhat less degree. The 
most insensible part of the head is that portion of the 
scalp which is covered with hair; but even here the 
surface ia sufBciently aensitive to perceive readily the 
contact of foreign substances. 

142. Pifth Pair of Cranial Nerves.— The sensibility of 
the face ia supplied by a large and very interesting 

'e, which ia called the I^flh pair. Anatomiats have 
given it this name because, in counting all the cranial 
ner\-e8 from before bactward, it cornea the fiilh one in 
the series. It is also called the " trigeminal" nerve, be- 
cause, after emerging from the base of the brain, and 
while still contained within the cavity of the skuli, it 
(divides into three great and nearly equal branches. 
Just at the level of this division the nerve has upon it 
a rounded swelling or ganglion of gray matter, which 
ia called the "Gasserian ganglion," from the name of the 
anatomist who first described it. Ita threefold branches 
then paaa through three separate openings in the base 
of the skull, and, running thence from behind forward, 
.are distributed to the skin of the three different regions 
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of the face. The first branch passes upward to the fore- 
head and the top of the head, the second to_ the middle 
portion of the face, the nose, cheeks, and upper lip, and 
the third to the lower lip, the chin, and the adjacent 
parts. During their passage through the deeper t^-v- 

tures, the second and Fig. +s. 

third branches also send 
filaments respectively to 
all the teeth of the up- 
per and lower jaw; and 
nervous fibres arc also 
sent to the tongue and 
the inside of the mouth 
and nostrils (Fig. 48). 

Thus all the difierent 
parts of this region arc 
supplied with sensibili- 
ty. The fifth pair, there- 
fore, is the great sensi- 
tive nerve of the face ; 

and it is on account of I'^^'.^^X^^TT^^iTa 
the delicate organiza- ui« Finn Pair, 
tion and minute ramification of this nerve that theekin 
is here endowed with the sense of touch in such on- 
usual perfection. 

But when the fifth pair is exposed to irritation from 
disease, its sensibility is the source of exquisite pun. 
If a tooth, for example, he attacked by caries or decay 
of its hard substance, the sufiering which it occasions is 
of extreme severity. For every tooth is provided with 
a filament coming Irom the fifth pair, which penetrates 
its root from below, and there lies concealed and defend- 
ed by the hard covering of its crown. But when this 
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' covering becomes wasted or destroyed from any cause, 
then the slightest touch, of the food in mastication, or 
even the contact of the air, produces an in-itatioo which 
penetrates to tlie nervous tissue below. Every one 
' knows how intolerable is the pain of toothache from 
■ this cause. When the injury to the tooth is excessive, 
I the only remedy Is to extract it from its socket in the 
I jaw. The nerve is then torn off at its root, and the sen- 
sibility of the tooth deatroyed. Afterward the wound- 
1 tissues heal over, and the pain ia permanently re- 

The fifth pair is also the seat of an extremely painful 
• affection -termed Neuralgia. This is simply an irrita- 
1 tion of the nerve from some disease of its lissne. All 
I the sensitive nerves are liable to this affection ; but 
1 seated in the nerves of the face, it ia so much 
more severe than elsewhere that it has received a dis- 
tinct name, and ia called " tic douloureux," or the " pain- 
■1 fill spasm ;" because it seizes the patient in sudden twin- 

i^es or pSfoxysms. The best protection against these 
troublesome affections is to preserve the general func- 
tions of the body in a sound and healthy condition. 
143. Motor portion ofthe Fifth Pair,— But there is one 
rpart of the fifth pair which presents a remarkable differ- 
ence from those which we ha>ve thus far examined. This 
ia a portion of the third branch, which accompanies it 
through its opening in the skull, but which has a differ^ 
ent destination and different properties. AH the other 
rts of the fifth pair are sensitive in their character, 
md are distributed to the skin and lining membranes 
if the face. This portion, on the contrary, is motor in 
bUharacter, and is distributed to mnscles. Moreover, it 
belongs to a set of muscles which are all associated in 
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one function, viz., that of mastication. The ner 
branch which supplies these musclea with motive power 
is therefore called the Masticator Tierve. 

The muscles of mastication are four in number on 
each side. The two lai^er aud more powerful are, 1st, 
the T&nporal, and, 2d, the Masseter muscles. 

The temporal muscle ia so called laecause it is situ- 
ated in the temples. Its fibres rmi upward from their 
attachment to the lower jaw, and are spread out in a 
fan-like form upon each side of the head in front of and 
above the ear. Place the fingers upon the temple, and 
thou move the lower jaw upward and downward, and 
you will feel_ this muscle swelling and har^eniug at 
every alternate movement. It serves to press the low- 
er jaw against the upper, and thus to bring the teeth 
■ firmly in contact with each other. 

The masseter ia a thick aud strong muscle, situated 
at the back part of the aide of the jaw. We can easily 
feel its movement in this situation during the process 
of mastication. Both these muscles act together, and 
in the same direction ; and they accordingly move the 
lower jaw from below upward with great rapidity and 
force. 

But, during mastication, the lower jaw ia also moved 
from side to side, in order-to produce the grinding ao 
tion which is ao eBsential for the comminution of the 
food. This lateral movement is performed by two 
temal muscles on each aide, called the Pterygoid mUB- 
clea, which are conceflled between the inner part of the 
jaw and the base of the skull. They are rather smaller 
than the others, but share with them the work of mov- 
ing the jaw in mastication. 

All these muscles are exclusively animated by the 
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motor branch of the Fifth pair. This branch ia there- 
fore justly named the masticator nerve. 

144. Seventh Pair, or Facial Nerve. — Bat, beside the 
acts concerned in mastication, the iace itself has very 
and important movements. Its whole sur- 
■fece is endowed with a mobility by which its expres- 
sion ia constantly changed, and the varying emotions 
of the mind portrayed upon its exterior. The eyelids 
may be opened or closed ; the nostrils expanded or con- 
tracted; the lips drawn upward or downward, and their 
opening enlarged or narrowed, These movements may 
also be combined with each other in a multitude of va- 
rious ways, so as to change in a corresponding' degree 
the external appearance and configuration of the fece. ' 
They are therefore called the Movements of Mepreaaion. 
By their aid the face spoalis a language of its own, 
iimd a language wtich is easily understood, for every 
lOne comprehends its meaning by instinct. 

The muscles of expression are animated by a nerve 
■which is called the Facial nerve. 

The facial nerve originates from fhe side of the me- 
dulla oblongata, and, after passing through a long and 
'tortuous canal in the floor of the skull, emerges from a 
Bmall orifice in the bone a little behind the external 
'Opening of the ear. It then curves forward beneath 
the ear, passes by several branches through the sub- 
Btance of the parotid gland which occupies this situa- 
tion, and then, spreading out in various directions, is 
distributed to the muscles which move the different 
parts of the face (Fig. 49), 

The natural function of this nerve has already 
been explained. It is the nerve of expression, and en- 
ables the countenance to assnme those varied appear- 
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ancea which inrlicate the y\s;, 4h. 

changes of mental emo- 
tion. Like the fifth pair, 
however, it is also sub- 
ject to disease ; and, 
when affected in this 
way, its natural func- 
tion is consequently dis- 
turbed. Aa irritation 
of tho fifth pair pro- 
duces pain, 80 irritation 
of the facial nen-e 
produces convulsive 
' twitchingB of the face, 
and an unnatural change 

I its expression. The The Facial Nerve. 

facial nerve may also be injured, either by accidental 
violence or by swellings pressing upon it in its bony 
canaL The result of this injury is a singular kind of 
paralysis, known as "paralysis of the face." This is al- 
most always confiited to one side; but on this side the 
face becomes devoid of animation, and remains passive 
and motionless. The feelings have no longer any in- 
fluence upon its action, and the features cease to exhibit 
their natural changes of expression. 

145. Motor Nenree oftheEyehalL — Beside the facial, 
there are three small motor nerves belonging to the 
cranium which do not appear externally, but go to ani- 
mate the muscleB of the eyeball, within the orbit of the 
eye. Thoy are the thii'd, fourth, and sixth pairs of cra- 
nial nerves. They provide for the movement of the 
eyes from right to left, or upward and downward, or 
for turning obliquely in their orbits. They assist in 
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i way, to a certain extent, in the espreaaion of the 

146. Ifotor Werve of the Tongue. — There is atill an- 
other motor nerve which ie distributed to the mueclcB 
of the tongue. It is therefore called the " hypoglossal 
nerve," It comes from the front part and side of the 
mednlla oblongata, passes through an opening in the ad- 
jacent portion of the stuU, and then runs forward, deep- 
y concealed among the tissues of the neck, until it ar- 
rives beneath the tongue. It then passes upward into 
the substance of the organ, sending ont branches and 
ramifications to all the muscular bundles of which its 
mass is composed. It provides for all the varied move- 
ments which the tongue is required to perform, both in 

.speaking and in the mastication of the food. 

The tongue, accordingly, like the other parts about 
the face, is supplied with a sensitim nerve and a mo- 
tor nerve. Its sensitive nerve is the branch which it 
tecoives from the fifth pair ; and its motor nerve is 

e hypoglossal, which is distributed to its mnscular 

>res. 

But there are other nerves coming from the brain 
beside those which are devoted to sensation and volun- 
tary motion. The most remarkable of these is a long 
and very important nerve, termed the Pneumogmtric. 

147. Fnenmogastric Kerve. — The pneumogastric nerve 
■) called because its final branches are distributed to 
lungs and to the stomach. To reach these organs, 

lowever, it traverses a long distance from its origin at 
base of the brain, and passes successively through 

le neck, the chest, aud the upper part of the abdomen, 
account of this extended and varied coarse, go dif- 

ircnt from that of tho other cranial nerves, the older 
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anatomists called it the Par vagum, or the " wandering 
pair." The name was well deserved. 

The pneumogastric takes its origin from the Bide of 
the medulla oblongata, by ten or fifteen Beparate fila- 
ments, which soon unite into a single nervous cord, and 
pasB, in this form, through a bony canal in the floor of 
the akuU. It has an abundance of sensitive fibres of 
its own, and receives, beside, motor fibres by brauoheB 
which join it from the facial nerve, the hypoglossal 
nerve, and others in its neighborhood. At a short dis- 
tance from its origin it has also a small swelling or 
ganglion, like the Gasscrian ganglion of the fifth pair. 
After emei^ing from the skull, it pursues its oo 
downward through the neck, deeply imbedded in the 
tissues, and in close company with the great blood' 
sela of the part, and thus enters the cavity of the chest 
During this passage it gives off three important 
branches. 

The first of these is the Pharyngeal branch. 

As its name implies, this nerve is distributed to the 
"pharynx," or the fiinnel-shaped muscular tube which 
receives the food fi^m the hack part of the mouth and 
conducts it to the oesophagus. The fibres of the nerve 
penetrate its muscular layers and lining membrane, and 
supply them both with sensibility and motive power. 

The second is the Superior laryngeal branch. Tius 
is disti'ihuted to the lining membrane of the laryns, 
and communicates to it, as we shall hereafter see, a aeu- 
sibility of an important character. 

The third branch follows a remarkable course. It 
given off from the main trunk of the nerve in the lower 
part of the neck or just at its entrance into the chesU 
It then, after continning a very short distance down- 



ward, retnras upon itself, and, curving round the great 
Tessela at the top of the chest, mounts upward, agj 
along the necl^ uotU it aiTives fi-j. rai. 

■t the level ofthe larynx, when 
5t is distributed to the various 
muscles of this organ. It is 
therefore called the Inferior 
■tart/ngeai branch. 

■ This nerve has a singular 
historical interest ; for it was 
lially studied by Galen, 
the most eminent physician of 
ihe Roman Empire iu the sec- 
ond century, who examined 
its properties, and discovered . 
its physiological connection I 
with the function ofthe voice. ] 
Se called it the " recurrent" 

lerve, owing to its peculiar | 
Qourse in returning, as wehave 

lescribfd, from below upward. 

i still retains this name, by 
Irhich it is often designated at 
the present day. 

Thua the larynx is supplied 
frith two separate nerves, both 
brandies of the pneumogas- 
trio, viz., the superior laryn- 
, which gives sensibility 
to its lining membrane, and 
the inferior laryngeal, which 

wmmunicates to its muscles 
e power of motion. 

M 
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The inferior laryngeal branch also gives filaments to 
the oesophagus in the region of the neck. 

The pneumogastric nerve, in its passage through the 
chest, sends off numerous filaments, which penetrate the 
lungs, and follow the ramification of the bronchial tubes 
to their termination in the air vesicles. To these or 
gana it communicatea a peculiar seDsibility, the impor- 
tance of which we shall leam hereafter. It then en- 
ters the abdomen, and is there finally distributed to 
the walls of the stomach (Fig. 60), 

The upper branches of the pneumogastric nerve are 
connected with the mechanism, of two most important 
functions, viz., that of Siaalhwing and that of lie^ra- 
lion. 

148. Action of the Pnenmogastric Nerve in Swallowiuf- 
—As we have already scon, both the lining membrane 
of the mouth and the surfiico of the tongue are en- 
dowed with ordinary sensibility of a high degree by 
the fibres of the fifth pair. But as the food passes to- 
ward the back part of the throat and into the pharynx, 
it meets with another sensibility of a peculiar kind. 
This sensibility no longer gives rise to the sensations 
of ordinaiy touch, but it excites at once, by a refiex ac- 
tion, the whole muscular apparatus of deglutition, 
these muscles the three most active are those which are 
called the Gofiatridora of the pharynx, because they 
are wrapped round this canal in such a way as to con- 
strict or compress it succeHsively from above down- 
ward, and thus to carry the food through it in the same 
direction. 

This reflex action takes place through the pharyn- 
geal branch of the pneumogastric nerve; its een^ttva' 
fibres receive the impression of the food, and Us motor. 
fibres excite the muscles to contraction. 
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It is for tliis reason that the action of the pharynx 
in swallowing is involuntary. So long as mastication 
is going on, we can vary or arrest its movements at 
will ; but when once the food has passed the iathmus 
of the throat, and is fairly within the grasp of the phar- 
ynx, these mascles close upon it by reflex action, and 
carry it with a kind of spasmodic movement downward 
to the cesophagns. 

But when foreign substances not fit for deglutition 
are brought in contact with the lining membrane of 
the pharynx, the opposite effect is produced. If the 
feather of a quill or the enda of the fingers be thnist 
backward into the throat, the impression so produced 
upon its lining membrane no longer excites the move- 
ment of swallowing, but a resistance and reaction of 
the muBcles of the pharynx ; and if the irritation be 
continued, the cesophagns and stomach at last sytopar 
thize with the reaction, and may even be excited to 
Tomiting. Thus all the reflex actions are so arranged 
that they provide for the natural and regular operation 
of the animal functions. When the proper stimnlus of 
the lining membrane is presented to it, the nervous 
am responds by an easy and natural movement ; 
but it revolts against an aanatural stimulus, and re- 
jects the offending substance by a spasmodic effort of 
the muscles. 

149. Protection of the Hoetrila during DeglutitioiL 
There is still another point in the mechanism of de^ 
tition which requires attention. 

Kyou look into the baclc part of the throat wbei 
ie illuminated by the sunshine or a, strong gas-lig 
you will see that the cavity of the month is partia 
separated from the phaiynx by a sort of muscular « 
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tain or partition hanging downward from above, and 
attached on each aide by double folds of the lining 
membrane. This is the Hanging Palate. Beneath it 
is the arched passage or doorway which leads from the 
month into the pbaryns, and from the middle of the 
arch hangs a soft conical fleshy appendage called the 

Now behind this hanging curtain of the palate the 
upper part of the pharynx communicateB with tte nos- 
trils, and it is through this passage that the air enters 
in respiration when the mouth is closed. When we in- 
hale any pungent odors by the nostrils, we often feel 
them penetrate into the back of the throat hy passing 
in this way with the inspii-ed air through the poeterior 
part of the nostrils and behind the hanging palate. 

Accordingly, when the food is carried backward from 
the mouth to the pharynx, it would escape upward into 
the passage of the nostrils if there were not some pro- 
vision to prevent it. 

But at the moment of deglutition the muscles on the 
two sides of the palate contract and draw together the 
arched sides of the passage, as the two halves of a cur- 
tain might bo drawn together to close the opening of a 
window. At the same time, the palate itself is stretch- 
ed backward like an awning, and shuts off in this way 
the communication between the pharynx below and the 
nostrils above ; and the food, urged by the tongue from 
the mouth into the pharynx, and finding no pasBac-e 
open into the nostrils, necessarily turns downward, and 
is carried into the ceaophagus. 

All these movements are excited at the same time by 
the reflex action of swallowing. 

Secondly, the laryngeal branches of the pneumogae- 



trie nerve play a very important part in the act of res- 
piration. 

150. Struotiire of the Glottis and its Movements ia Res- 
piration. — The larynx, which ia the commencement of 
the trachea and bronchial tubes, commuuicates with the 
front part of the pharynx by a narrow opening or crev- 
ice, which we have already spoken of as the "glottis." 
Accordingly, the air, in respiration, enters by the mouth 
and nostrils into the back part of the throat, and thence 
passes into the larynx by the opening of the glottis. 

The structure of the glottis ia aa follows : The larynx, 
as we have already seen, is a kind of cartilaginous box, 
formed of various pieces connected with each other by 
articulations and ligaments. Its internal cavity is, for 
the most part, as spacious as that of the trachea; but 
just at its upper portion it is partly obstructed by two 
elastic bands of tibrouB tissue, which aro termed the 
VoccU chorda. 

We shall hereafter sec how important a fimction 
these chords perform in the production of the voice, 
from which their name is derived. The vocal chords 
are attached, side by side, at the front of the larynx, 
and thence run backward nearly parallel with each oth- 
er, thus leaving between them a narrow fissure, which 
is the opening of the glottis. Ail the space outside the 
Tocal chorda is filled up by the lining membrane and 
muscles of the larynx. If you wei-e to stretch two 
cords over the mouth of an empty barrel, and then lay 
a folded cloth on each side between the cord and its 
edge, you would have a tolerably correct idea of the 
anatomical arrangement of the larynx. The barrel 
would represent the larynx itself, the space between 
the two cords would be the glottis, and the folded 
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(sloth would occnpy the sitnatioQ of the lining mem- 
brane and the musules on each side. 

Now the opening of the glottis is too narrow to ad- 
mit the air in euflicient quantity to the lunga, Biuce ita 
capacity ia only about one third as great ob that of ths 
trachea. How is it, therefore, that the lungs are filled 
through this constricted passage? 

It ia because the larynx is movable and takes part in 
the acts of respiration. Every time the chest expaads 
to inhale the air, the glottis opens to admit it ; and a 
series of alternate moTem.entB of expansion and collapse 
are thus performed by the glottis simultaneously with 
those of the chest and abdomen. They are accomplish- 
ed in this way. 

At their posterior extremity the vocal chorda are at- 
tached to two small triangular cartilages, which are 
connected with the rest of the larynx by an articnla- 
tion or joint at theif inner angle. Those are called the 
Arytenoid cartUifges. Their muscles are so arranged 
that they may be turned or rotated upon their articala- 
tions, so as to move the vocal chords outward and thoB 
separate them from each other. Very much in the 
same way a bell-cord is sometimes attached to the wiro 
by a triangular brass plate, which tams upon a hinge 
at one comer; and when the cord is pulled downward 
the brass plate rotates upon its binge, and draws tlte 
wire with it in the same directioa Accordingly, w^ben 
both the arytenoid cartilages move at the same time, 
the vocal chords are stretched and separated from each 
other, and the opening of the glottis between them ia 
widened to admit the passage of the air. 

The movements thus performed are called the Jie^ 
piratory Movements of the glottis. They are depond- 




Atjtenula cariiiiiE«s. 

But upon the inferior laryngeal branch of the pneamo- 
gastric nerve, which animates the muBclea of this part. 

But, besida its power of motion, the glottis is en- 
dowed with an exquisite and pecaliar Bensibility, which 

essential to the safety of life. 

So long as it is ouly air which enters the larynx, the 
natural movements of the part are performed with ease 
and regularity. But if any foreign Bubstanee, such aa 
ft cramb of bread or a drop of water, happen to get be- 
tween the vocal chords and seek to gain entrance into 
the trachea, the lining membrane of the larynx at once 
feels an irrit^ion which excites all the muscles in ite 
neighborhood to an active and determined resistance. 
They close the orifice of the glottis with a convulsive 
movement, and the foreign substance is at last expelled 
by the spasmodic efforts of coughing. This peculiar 
sensibility of the larynx is dependent upon the superior 
laryngeal branch of the pnenmogastric nerve, diatrib- 
uted to its lining membrane. 

This nerve, accordingly, is the safegnard of the glot- 

n, It stands like a sentinel at the entrance of the air 
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passages, to give notice of the intruBion of any foreign 
substance into tlie lunga, and thus protect them against 
injury from without^ 

Another very important point in the history of the 
hirynx is its connection with the act of swallowing, 

151, Protection of the Glottis during Deglutition. — As 
we have seen, the glottis communicates with the phar- 
ynx. But it is through this passage that all the food 
passes downward to the Btomach. How is it, therefore, 
that it does not fall into the larynx, and thus produce 
strangulation every time the act of swallowing is per- 
foi'nied ? 

First of all, it is because, at the instant the food h 
ahout to be swallowed, respiration stops. There are 
various nervous actions in the body which are sidd to 
be "incompatible" with each other; that is, they can 
not be performed at the Batae timu. Thus we can move 
the two hands over and over in a circle from behind 
forward, in front of the body, either alternately oi 
gether ; but we can not move one of them from be- 
hind forward and the other from before backward at 
the same time. Some inexplicable interference of the 
nervous system prevents it ; so that, though the two 
movements may easily be performed separately, it is 
impossible to perform them together. In the eanie way 
we can turn the two eyes to the right or the left to- 
gether, but we can not turn one of them to the right 
and the other to the left at the same time. 

Now there is a similar nervous incompatibility be- 
tween the acta of swallowing and inspiration. It is 
necessary preliminary to the deglutition of the ibod 
that respiration be suspended. The consequence is, that 
the glottis is not opened as usual, but remains a narrow 
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chink, offering but little opportunity for the entrance 
of the food. 

Nevertheless, this accident sometimes happens, and 
every one tnows the diatreBS which is occasioned by 
even the smaUest particle of food getting entangled in 
this way in the larynx. Whenever it occurs, we shall 
always find that the difficulty is caused in the same 
way, namely, by a sudden inspiration taken at the mo- 
ment when the food is being swdBowed. We can not 
take such an inspiration voluntarily; hut it is some- 
times produced by a sudden impression upon the senses, 
as of an unexpected sight or exclamation, or excitement 
of any kind. The nervous system is then, as it were, 
taken by surprise ; its natural operation is disturbed, 
and a quick inspiration opens the glottis and sucks the 
food, with the air together, into the cavity of the larynx. 

It is evident, therefore, how carefully all sources of 
hurry or disturbance should be avoided during the mas- 
tication and swallowing of the food. The meals should 
be taken quietly, and no sudden interruptions of an ex- 
citing nature be allowed while they arc going on. With 
children especially, where the nervous system is highly 
impressible, these precautions should be constantly ob- 
served ; for such an accident is always alarming, and 
may easily be fatal in its results, 

But the protection of the glottis in deglutition 13 also 
provided for by Nature in other ways. 

K we place the finger upon the larynx in front of the 
tJiroat, and then go through with the movements oi' 
Bwallowiug, wo shall find that at the instant of deglu- 
tition the larynx is drawn rapidly upward beneath the 
base of the tongue. As the base of the tongno is at the 
moment thrust backward, it tends to cover the 
M2 
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opening of the glottis, and atil! farther to obstmct H 
entrance. Furthermore, the lower constrictor muecle 
of the pharynx are themselves attached on each s 
the lateral portions of the larynx, and from this sitni 
tion they encircle the pharynx behind. Now it is thet 
muBcles which act in deglutition ; and at the same n 
ment that they compress the pharynx they necessarit; 
draw also by their attachments upon the larynx, pre 
its two aides more closely together, and thus shut n 
completely the orifice of the glottis. By the combino 
operation, accordingly, of these various movements, tb 
glottis, which is opened in inspiration to admit the a 
is securely oloBed in deglutition during the passage a 
the food. 

152, Production of Vocal Sounds in the Larynx. — Th 
last function of the larynx is the formation of the Vbio 

For the larynx ie a musical inBtrumeiit. It is her 
that all the vocal sounds are produced, and modulata 
from the higher notes to the lower, with all the altetl 
tiona of tone that give variety and exprcasion to t 
voice. These sounds are divided into vowels, com 
nants, and words by the motions of the lips and tongnfl 
but the voice itself is formed in the larynx by the a 
tion of the vocal chords. 

Sound is caused by a vibration ; and any body whi 
is capable of vibrating will produce a sonoroua effedl 
Thus a violin-string, when snapped by the fingers or a 
in motion by the bow, gives out a note which ia higtM 
or lower according to the rapidity of its vibration. 
do this, however, it must be tense and elastic. If it 1 
loose and flexible it is incapable of vibrating, and c 
sequently can not produce a sound. The same strii 
also will give cat a deep sound when it is moderat« 
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tight, and a more acute one when it is stretched to a 
high degree of tension. In a flute or a trumpet, the air 
itaeli^ which is always elastic, is thrown into vibration ; 
and the sound which is produced varies with the width 
of the opening and the length of the column of air con- 
id in the instrument. In an organ-pipe the reeds 
are first made to vibrate, and they then set in motion 
the column of air above them. The long and wide 
tubes thus give a deep sound, the short and narrow 
tubes an acute one. 

The formation of the voice in the larynx is somewhat 
similar. The first peculiarity to be noticed is that the 
'Boice is formed during expiration and not during inspi- 
ration. We always speak while the air is passing out 
through the larynx, and never while it is passing in- 
ward to the lungs. We drive the air forcibly through 
the larynx to produce a sound, jnst as we blow it 
through a horn or an organ-pipe for the same purpose. 

Secondly, when the voice is to be sounded, the vocal 
thord» aire draien together and tightly stretched. In or- 
der to produce the necessary vibration, the orifice of 
the glottis must be narrowed, and the vocal chorda 
thrown into a state of tension which will enable them 
love rapidly like the strings or reeds of a musical 
instrument. Then the column of air passing between 
them is itself thrown into vibration, and thus produces 
the vocal sound. The note sounded by the voice will 
therefore be high or low, acute or grave, as the Tocal 
chords are more or less tightly stretched, and aa the ori- 
fice of the glottis is narrower or wider. In sounding a 
low note, the glottis ia left comparatively open, and the 
Tocal chords are loose ; in a high note, the vocal efiords 
ftre tightened and brought nearer -t 
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diniiiiisli tlie orifice of the glottis to its narrowest d 
mensions. 

Finally, the larynx is raised and lowered during tl 
foEmation of diflereot sonnds. If we place the fing( 
upon this part, we shall find that when the lower nott 
are sounded it is drawn down towai'd the chest, whS 
during the formation of acute sounds it is carried fora 
hly upward. Thus the two columns of air above an 
below the glottis, in the trachea and in the pharj 
are lengthened or shortened, and widened or narrowei 
as the sounds emitted by the larynx vary in characU 
and tone. 

All the movements of the glottis in the formation t 
the voice, as well as those connected with respiratioi 
depend npon the inferior laryngeal branch of the pm 
mogastric nerve. 

153. Distribution of the PnenmOgastric to the LwigK 
— The lower portion of the pni'uniogastric nerve alaorj 
sends branches to the lungs. These branches form 
plexus or network at the back part of the longs by i 
viding and again inosculating with each other, s 
from this plexus their filaments penetrate into the 1 
sue of tlie organs, following the snecesaive diviBiona 
the bronchi and bronchial tubes (Fig. 50). They t 
distributed to the lining membrane of the bronch 
tubes and the pulmonary lobules, and communicate 
these parts a peculiar sensibibty by which they are i 
abled to perceive the condition of the air contaiDed 
the air vesicles and of the blood contained in the can 
lary blood-vessels. Accordingly, when the air becom 
contaminated, these filaments receive the impreesioa 
its impurity. The pneumogastric nerve thus presid 
over the condition of the air passages throughout tin 



course, from the opening of the glottis to the termina- 
tion of the pulmonary vesicles. 

154. Difitribution of thePneumogaatric to the Stomach. 
— Finally, the last branches of the pneumogasti'ic nerve 
are distributed to the stomach. Here, as elsewhere, the 
nerve contains hoth sensitive and motor fibres, Tlie 
seDsitive fibres are distribated to the lining membrane 
of the stomach, the motor fibres to its mascular coat. 
Here there is also a peculiar sensibility, followed by a 
reflex action. For the lining membrane of the stomach 
is not endowed with ordinary sensibility. It does not 
feel the contact of the food as we could feel it with the 
fingers or the lips. But we know that when the food 
passes into the stomach, its presence excites the " peri- 
staltic action" of the muscular coat, by which it is moved 
constantly from side to side, mingled thoroughly with 
the gastric juice, and finally carried onward throngh 
the pylorus into the intestine. This important move- 
ment is entirely involuntary, and ia performed usually 
even without our knowledge. It is a reflex action, ex- 
cited by the peculiar sensibility of the lining membrane 
of the stomach, through the sensitive fibres ofthepneu- 
mogastric nerve, and conveyed by its motor fibres to 
the muscular coat of that organ. 

The pneumogaatrio nerve, accordingly, controls the 
condition and actions of the uppcx part of the aliment- 
ary canal, from its commencement in the pharynx to 
the pyloric extremity of the stomach. 

Thus the cranial nerves, by their motor and sensitive 
fllaments, preside over the sensibility and movements 
of the face, the functions of mastication and degluti- 
tion, the peristaltic movements of the stomach, the res- 
piratory and vocal movements of the glottis, and the 
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whole extent of the air passages throagfaoat t 

luDga. 

QUESTIONS FOR CHAPTER XIV. 

1. What are the cranio^ nerves t 

2. Hqw miaiy pain are there of cranial nerves 7 

3. What nervous funclioD is highly developed in Ibe skin of 
&ce? 

i. At what port is senstbili^ more acute than elsewhere 7 

5. By wliat nerve is the face sapjilied with eensibili^? 

6. Why iaitcaUedlbB"jtrt*iw'Vf" 

7. Why is it called the Iriffeminat nerve ? 

8. What 13 the Gaaaerian yanglion, and where sitnaied ? 

9. now are the three great branches of the fifth p^difltribatod? 

10. What effect ia prodacod by an; initatioD of the fifth pair? 

1 1 . What is the cause of toothache T and in what nerve ia the ; 
situated? 

1 2. What becomoa of the nerve when the tooth ia estrncted ? 

13. What is neuralgia r 

14. What norae is given to neuralgia of the fece 7 Why ? 

15. Wliich branch of Che fifth pair ia accompanied by Tsofor 

ning these filaments t 



16. What name is given to the nerre contuning thee 

IT. Why is it called the jaaslicalor nene 1 

18. What are the muscles of mastication 'I 

19. What is the situatioa of the temporal masde'i 

20. What is the direction of its fibres? 

21. What ie the action of this muscle upon the lower 
23. Where is the masseter mascte situated? 

23. What is its action on the lower jaw? 

24. What other muetloa take part in the 



Un. Where are the pterygoid muscles siCnated? 

26. What movements of the jaw are produced by them ? 

27. What other movements are performed by the fooe ? 

28. By what nerve are the mascles of exproseion animated ? 

29. Where does the facial nerve originate? 

SO. Where does it pass through the floor of the skull ? 

31. What is its subsequent course and distribution? 
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33. Is the facial nerve a, tennlioe or b, motor nerre ? 
B3. What effect is produced on the face by injniy or disease ol 
fecial nerve ? 
8*. What nerves provide for the movements of the eyeball ? 

35. What nerve supplies the muscles of the tongne ? 

36. What is the pneumogastric nerve, ajid what is its final di 
lintion? 

37. Whal other name is given to this nerve, nnd why ? 

38. Where does the poeumogaatric nerve originate? 

39. Does it contain sensitive or motor fibres, or both? 

40. Whence doea it derive ita motor fibres? 

41. In what direction does it pass after emerging from tbe cavfl 
of ihe skull? 

43. What is the first branch of the pneimiogastrie nerve ? 

43. To what organ is the pharyngeal branch distribnted? 

44. What projienies does it communicate to the pharynx ? 

45. What two branches are diatribiiled to the Itrym t 

46. What is the peculiarity in the coarse of the inferior largn^eal 
branch? 

47. What name was given to this nerve by Galeo ? 

48. What property is coramunieatBd to the larynx by the laperior 
laryngeal nerve ? by the inferior huyngeal nerve ? 

I. To what other organs are the branches of the pnenmogaBtric 
distribnted ? 

60. With what two important functions are the upper branches A 
the pneumoeostric nerve cunnecied ? 

61. Does the pharynx poBsesB ordinary sensibility ? 
52. What re&ex action is produced by the sensibility of tlie plu 



is given to the mnacles of the pharynx? and whi 
rve are tbej excited to act when food e 



53. Whatnami 
64. By what n 
■jiharynx? 

66. Is the action of the pharynx in swallowing voluntniy oi 
■ mtary? 

. What effect ia produced by irritation of tlie pharynx with ft 
I dgn snhstanees? 

67. What is the hanging palate T What is the nvula T 
. What open passage is there behind Ihe hanging pulati 
. How is the ibod, in BwaHowing, prevented from escaping inl 

le back part of the nostrils 7 
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no. Where does the larynx commniiicate 'with the phaiynx ? 
61. What are the focal diord* T and where ore thejr attached? ' 
G2. What is the opemng left between them 7 
i!3. What is the sae of tlie opening of the glottia compared 1 
that of the tmehea? 
Ii4. What moveiueol lakes place in the glottia at the time of in 



tenor ends of the vocal chorda attached 
n the arytenoid canilnges move ? 
motion on the v<kb1 chords and the o; 



65. To what are the poi 

66. In what direction ci 

67. What effect has tbh 
ing of the glottis 7 

68. What is the object of the opening of the glottis in inspimlii 
6!). What name is given to these movements of the glottis ? 
TO. What is the pecuharity in the aemnbiliii/ of the glottis 7 
71. What effect ia produced by its irrilotion with a, toreiga i 



72. What protcclire action does the anperiot laryngeal nerve a 
over the air passages and lungs ? 

T^. How is the food prerented from passing into the larynx in i 
lowing? 

71. Why can we not swallow at the moment of inspiration ? 

75. Mention other ewimples of " incompatiblo" moTements. 

T(i. How is it that particles of food sometimes fall into the It 
in swallowing 7 

77. What precautions should be taken to prevent this accident] 

78. How does the action of the constrictors o/ the pAatyjtx » 
prevent the ibod passing into the larynx 7 

79. What other fiinctioo is performed by the larynx ? 

80. How is sound produced? what gives the vibration in bI 



81. What must be the condition of a cord in order that it c 
bmte so as to produce a sound 7 

82. When does the same cord give an acute sound, and v 
deep BOond ? 

83. What gives the vibratioQ in wind instruments 7 

84. What tabes give an acute soimd, and what a deep Bound t 
Sti. Is the voice produced in inspiratiaQ or in cxpiratioti ? 

86. What is the condition of the vocal chords when the v 
sounded? 

87. What is their condition in soundinK a high note 7 
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88. What in sounding a low note ? 

89. Upon what nerve do the vocal movements of the glottis de- 
pend? 

90. What is the distribution of the pneumogastric nerve in the 
lungs t 

91. What kind of sensibility does it communicate to the lungs ? 

92. To what organ are the last branches of the pneumogastric nerve 
distributed? 

93. To what part of the stomach are its sensitive fibres distributed ? 

94. To what part are its motor fibres distributed? 

95. What reflex action of the stomach takes place through the 
pneumogastric nerve ? 

96. Name the various functions presided over hj all the cranial 
nerves. 
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CHAPTER XV. 

THK BBAtN. 
Fnnn of the Brain — its Anatomical Divisions. — Uedalla ObI( 
— Cerebellnm. — Pons Varolii. — Tuber AnnnlarB. — Cerebnon. — 
Functions of the Cerebroni. — Memoiy. — Judgment. — Reoaon.— 
Effects of Injnrj to the Cerebmm. — Fnnctions of the Tuber An- 
nulare.— Sensation and Volition. — Instinctive MorementB. — Func- 
tions of the Medulla Oblongata. — Movements of Bespi 
performed. — Reflex Action of Medulla Oblongata. — Effects ofln- 
jury to Medulla Oblongata. — Different kinds of ReSex Actum 
the Brain. 

155, The Brain is the great mass of nervons enb- 
atancB which occnpiea the cavity of the skull. It 
composed of various collectioiia of gray matter, 
ganglia, which are united with each other and with 
the spinal cord by numeroas bundles of white nerrou 
fibres. 

The brain, like the Bpinal cord, is double. It is formed 
of two great lateral masses which lie side by side in tie 
skull, separated in front and above by a deep furrow or 
fissure, but connected beneath by the continuation of 
the nervous substance. It is also separated by traiis- 
verse furrows, and by certain differences in structnre, 
into three principal divisions, varying in size, appear- 
ance, and situation. These are the Cerebrum, the Ctr^ 
beUum, and the Medtdla oblongata. 

156. Medulla Oblon^ta. — \Yhen the spinal cord 
tera the cavity of the cranium by the great forsmca 
situated at the base of the skull, it expands, as we have 



f meiitioued iu a previous chapter, into a widened oblong 
mass, which still preserves the general external appear- 
ance of the spinal cord. This is the Medulla oblongata. 
Its increased width is partly owing to its fibres begin- 
ning at this point to turn and wind obliquely In vari- 
ous directions, but also to the fact that an important 
mass of gray matter is here buried in its substance, 
known as the "ganglion of the medulla oblongata." 
Nearly all the cranial nerves also take their origin 
from this part, or its immediate neighborhood, and 
their fibres accordingly are added to those derived 
fewm the spinal cord. Lite the spinal cord, therefore, 
the mednlla oblongata consiflts of a collection of gray 
matter, covered and concealed by the white fibres upon 
its outer surface. 

157. Cerebellnin. — Above and behind the medulla 
oblongata is the Cerebeliunk. This ia a much lai^er 
nervous masB, and is instantly distinguished from those 
which have preceded by its peculiar appearance and 
structure. Its outside is composed, not of white, but 
of gray nervous matter, and this nervous matter ie ar- 
ranged in abundant narrow laniiufe or convolutions, for 
the moat part running transversely, and closely packed, 
like a gray cloth or shawl folded in many layers. In 
its interior, on the contrary, the cerebellum is composed 
of white substance. The colamus of the spinal cord, 
while passing through the medulla oblongata, give ofiT 
some of their fibres ; and these fibres, turning obliquely 
upward and backward, spread themselves out in the 
thickness of the cerebellum, and finally come into con- 
nection with the gray matter upon its surface. 
^^t Beside this, the two lateral halves of the cerebellum 
^Hre connected with each other in a remarkable way. 
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From ttiQ whole inner surface of its gray matter tht 
start on each side a multitmio of white nervous fila- 
mentB, which pass downward and forward toward its 
centre, gradually approaching each other, and nniling 
into a flattened bundle of parallel fibres. This ribbon- 
shaped bundle then cmergea from the lower and front 
part of the cerebelhim, curvea round the base of the 
brain just in front of the medulla oblongata, and then 
returns upon the opposite side to spread out again in 
the substance of the other half of the eerebellum. 

Thus this mass of nervous fibres, spread out at their 
two extremities, but united into a parallel baud at their 
middle, form a transverse communication between the 
right and left sides of the cerebellum. 

In its middle portion, where it encircles the base of 
the brain in an arched form, it is called the " Pons Va- 
rolii," or the " Bridge of Varolius," because the fibres 
of the medulla oblongata, in contjnumg their course, 
pass underneath it, like a river under a bridge. 

158. Tuber Annijare. — Now where the fibres of the 
medulla oblongata pass under the pons Varolii, another 
deposit of gray matter is found in the interior of the 
mass. This collection of gray matter within, togetber 
with the prominence of the pons Varolii on the outside, 
gives to this part of the brain the appearance of a dr- 
cular or ring-like protuberance. It is therefore known 
by the name of the Tuber anwulare/ and the gray mat; 
ter in its centre is called the "ganglion of the tuber an- 
nulare." i 

Beyond and in front of the tuber annulare the fibres 
coming from the spinal cord and medulla oblongata 
pass upward and onward in two great rounded 
dies, which are called the " peduncles of thi 
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ley have received this name because the two halves 
of the brain are supported upon these peduncles, like a 
flower upon its stem. Their fibres, running contiuual- 
ly upward, immediately after they have passed the 
level of the cerebellum spread out in a, fan-like form, in 
front and behind, to the right and the left, and thus 
finally terminate id the gray substance of the cere- 
brum, 

169. Cerebnim. — The cerebrum is by far the largest 
of all the nervous masses contained within the stulL 
Ti overlaps all the remaining parts, in front, above, and 
behind, so that they are covered by it as if with a kind 
of vaulted roof or dome. The outer and upper part of 
this dome is formed of gray matter, folded and convo- 
luted in innumerable directions ; its interior is formed 
mostly of white substance, viz., the fibres which, as we 
have already seen, pass upward from below, and thus 
connect this principal pail of the brain with the medul- 
la and spinal cord. The two halves of the cerebrum 
are also connected, like those of the cerebellum, by a 
great bundle of transverse fibres, converging from the 
[jray matter and passing fi'om side to side ; only this 
transverse band does not emerge from the brain, like 
the pons Varolii, but remains concealed and imbedded 
iu its substance. 

At the base of the cerebrum, on each aide, there are 
also two other deposits of gray matter, one in front and 
one behind, called respectively the "striated bodies" 
and the " optic thalaml" Tliese ganglia form a part of the 
substance of the cerebrum, and stand, as it were, at its 
entrance or gateway, through which the fibres from be- 
low pass upward to its surface (Fig. 63). Tn the anb- 
stance of the cerebrum also, beneath the folded cover- 
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ing of its gray matter, there are pillars, and vaults, and 
curtains, and galleries, and passage-ways, and many va- 
ried details of anatomical Btraeture. too complicated for 
minute description. Many of these anatomical parte 
have uses which are still unknown to us ; but we are 
acquainted with the structure and functions of the prin- 
cipal mass and its connection with the other portions 
of the brain. 

160, Functions of the Cerebmm. — ^The cerebrum is the 
organ of the mind. By that we mean that it is this di- 
vision of the nervous system through which the intel- 
lectual powers communicate with the body. Reason, 
judgment, memory are the mental faculties whose op- 
eration is connected with the function of the oerehrum. 
We know this because, when this part of the brain is 
injured, it is these faculties which are impaired, and 
when it is deficient they are absent to a correpponding 
degree. What is the nature of these faculties, and 
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I how do they manifest themaelveB through the action 
of the brain ? 

The simplest and most fundamental of these powers 
is that of Memory, This faculty lies at the basis of all 
mental impi-ovement, and even the Bimplest intellectual 
operation would be impossible without it. By it alone 
we are enabled to retain the names of thiugs and the 
meaning of words, so that we can write and speak. 
Nearly all our actions are guided by what has taken 
place before, and therefore, if we had no memory, most 
of ouv acts would be capricious and unreasonable. A 
deficiency of memory is the earliest indication of idiocy 
in children, and it is on account of the want of this fac- 
ulty that such children can not learn to read, and in 
many cases can not even talk. A deficiency of memory 
is also the most unfailing consequence of injury to this 
Ipart of the brain. When an attack of apoplexy is eom- 
g on, an unusual forgetfulness is among the first symj)- 
boms which are manifested ; and in more permanent af- 
actions of the brain it gradually increases, until the 
r of recollecting even the days of the week or the 
ivents of the day is permanently lost. 

The next important Intellectual faculty is Judgment. 
By this is meant the power of appreciating the true 
mportance of things, and the relations of cause and ef- 
A person who is deficient in this respect is liable 
a pay too much attention to things which are of little 
loneequence, and to neglect those which are really im- 
portant. He is also unable to perceive that what hap- 
pens at one time is caused by something else which has 
t receded. He knows only that the two events have 
appened, but he does not see what is the connection 
Btween them. Accordingly, it is of no use to punish 
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an idiot, because he does not understand that the puH' 
ishment la a consequence of what ho has done before. 

Finally, Heason is the faculty by which we compare 
the causes and conseqiiencee of things in such a way as 
to guide our actions. We can thus use the informatio 
acquired by memory and judgment to avoid difficulties 
and obtain success. An unreasonable person, therefore, 
is one who does not nee the proper means to accomplish 
bis purposes. This is characteristic of idiocy and o 
some kinds of insanity. 

All these mental faculties are liable to be developed, 
to a greater or less degree, in different persbus, or e 
in the same person, at different ages. Like the Bensi- 
bility of the skin, they are sometimes acute and some- 
times feeble. They are always diminished when the 
cerebrum is injured, even though the other functions 
of the nervous system may remain entire. 

Now all acts which are of an intelligent nature re- 
quire this operation of the mind ; the simplest, as 'well 
^ as the most profound and complicated. For instance, 
we feel that the air of a room is cold, and we accord- 
ingly shut the window. This is a reflex action of the 
nervous system. The beginning of it is the sensation 
of cold ; the end is the voluntary act of closing tha 
window. But between the two there is an intellectoal 
operation, by which we understand the cause of our 
sensation, and how we may remove it by the voluntary 
act. This mental proccsa is especially connected with 
the function of the cerebnim. 

130. ITunctiona of the Tuber Annulare. — The next 
function of the nervous centres which we shall stady; 
is the double function of Sensation and Volition, 
have already spoken of these faculties in connection, 
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! with the Bensibility and power of motion in the spinal 
nerves. But we have found that these organs only 
serve as conductors, aud that the real functions have 
their eeat in the interior of the brain. 

These faculties, however, are not situated in the cere- 
brum. The substance of the cerebrum is not even Bon- 
flitive ; and, provided no other parts of the brain be in- 
jured, it may be cut or lacerated in any way without 
producing pain, as has often happened in accidents and 
snrgical operations. Physiologists have seen reason to 
"believe that the powers of sensation and volition are 
located farther down, in the gray matter of the Tubefr 
annulare. What is the nature of these functions, and 
how are they connected with each other? 

A complete sensation is always accompanied by con- 
sciousness. This is very different frona the mere nerv- 
ous impreaaion received by a aensitive nerve. For the 
lerve itself does not feel, it only conducts the impres- 
sion ; and the sensation is not perceived until it arrives 
:Bt the brain, where consciousness resides. It is the gan- 
glion of the tuber annulare which thus receives the im- 
pression conveyed by the norve, and instantly converts 
it into a conscious sensation. 

This ganglion is also the seat of volition. By this 
term we understand that nervous action by which we 
command the muscles through the influence of the will 
Tliis command is transmitted by the nerves, but its 
origin is in the brain. 

Now volition is entirely distinct from reason. The 

intention or desire to perform an act is a different thing 

I from its positive execution. Even when we have al- 

t ready determined to raise the arm or to advance a step, 
there still remains a nervous process by which the mus- 
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cleB are actually set in motion. This process is the act 
of volition, and any moveinent so perforniGd is called a 
" volnntary" movement. 

But there are some voluntary acts which are per- 
formed independently of the mind. They have nothing 
to do with memory or judgment, and are executed in- 
stantly whenever we receive a particular sensation. 
This is the nature of all those acta which are per- 
fornaed by instinct. Thus the sight of a threatening 
olsject inspires terror, and we immediately endeavor to 
escape or defend ourselves from it. The sense of hun- 
ger leads ua to take food; but this is simply because 
we desire it, and not becaasc we reflect that it will nour- 
ish the body by the process of digestion, sliU less bo- 
cause we remember how this process is accomplished. 
All the actions of this kind are voluntaiy, but they do 
not result fi'om any reasoning power which precedes 
them. They are guided by a blind impulse, in which 
we recognize only the sensations which we receive and 
the desires which they excite. Tliese instinctive and 
voluntary movements are performed by the reflex ac- 
tion of the tuber annulare. 

161. Punction of the Medulla Oblongata. — There is 
another reflex action taking place within the brain 
which is more important than the rest, because it is 
more immediately essential to the continuance of life. 
It is that which presides over the movemertta of reapi- 
ration. 

We have not yet learned why these movementB take 
place. We have only seen that they go on with a con- 
tinued and harmonious action, the chest rising and fall- 
ing with unfailing regularity, and the diaphragm keep- 
ing pace with it in alternate contraction and relaxatioQ. 



» 
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But these movements are neither intentional nor vol- 
•untary. They are not the result of any effort of the 
, for they are performed m the same way by 
I idiots and by animals as by persons of mature years 
aod the highest intelligence. Keither are they directs 
led by the will, for they go on when we pay no atten- 
tion to them and during sleep, as well as at other times. 
And in cases where the brain is exteniively injured by 
violence or disease, when all the mental powers are 
abolished, and even volition and consciousness are sus- 
pended, the movements of respiration will often con- 
tinue with the same undeviating regularity as before. 
The whole mass of the cerebrum aud the cerebellum, 
and both the white and gray substance of the tuber 
annulare, may be compressed or destroyed without ar- 
resting this necessary function of life. 

There is, however, another portion of the brain con- 
cealed in the posterior and lowermost region of the 
skull, which is smaller than the rest, but, at the same 
time, the most important of all, for it presides directly 
over the process of respiration. This is the ganglion 
of the MedvMa oblongata. 
When the other parts of the brain are injured, vari- 
ervouH and mental functions are impaired or 
abolished, bnt life itself continues. When the medulla 
oblongata is destroyed, respiration instantly ceases, and 
life at the same moment comes to an end. 

Accordingly, Nature has provided for the safety of 
this most important ganglion by burying it deeply un- 
der the remaining mass of the brain, and thus secur- 
ing it from external violence. A blow upon the head 
which fractures the upper part of the skull may tear 
the substance of Uie brain and produce loss 
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and unconscionsneas, but it seldom or never penetrates 
to the medulla oblongata. Neither, can tLia part be 
easily reached irom below, for it rests upon the base of 
the skull, exactly above the summit of tbe spinal col- 
umn. Even an internal apoplexy usually afiects only 
the upper or middle portions of the brain. When it 
attacks the medulla oblongata, death is certain and im- 
mediate. 

Sometimes, when the spine is fractured very high up, 
just at the level of its junction with the skull, the bro- 
ken pieces ara driven into the medulla oblongata and 
lacerate its substance. We then say that " the neck ia 
broken ;'* and such an accident is instantly fatal, for it 
stops at once the movements of respiration. 

Ia what way docs this ganglion maintain the taao- 
tion of respiration? 

162. Reflex Nature of the Act of Respiration. — As we 
have alri?ady intimated, it is by means of a reflex ac- 
tion. All the nerves which are distributed among the 
blood-vessels receive an impression from the circulating 
blood. As this blood loses its oxygen and becomes 
charged with carbonic acid, the impression is conveyed 
inward by the nerves, and is thns transmitted to the 
medulla oblongata. Among those more especially sen- 
sitive to this impression ia the Pneumogaatric nerve, 
which, as we have already seen, is distributed among 
the air vesicles of the lungs, and there perceives the 
earliest signs of the contamination of the blood. Ar- 
rived at the medulla oblongata, the impression thus 
conveyed is received by the gray matter of the gan- 
glion ; it is then converted into a motor impulse, -wMch 
is sent out by the intercostal and phrenic nerves, and 
the muscles of respiration are at once set in inotion.i 
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The new air introduced into the lungs then relieves 
the nervous system by the supply of oxygen, and the 
muscles accordingly relax, to be again called into op- 
eration a few iuBtanta afterward by a repetition of the 
IBame process. This ia the reflex action of the medulla 
oblongata. 
Now this nervous impression is not usually felt, be- 
cause it does not naturally give rise to any conscious 
Benaation ; but you can feel it very easily. 
Hold the breath for a few seconds, and yon are im- 
mediately conscious of an unusual sensation in the 
chest. This is not like ordinary pain, or the sensation 
of cold or heat. It is a peculiar feeling of distress, 
I' which grows more intolerable every moment. It soon 
fills the chest with a sense of suffocation, and then 
f spreads over the whole body, calling loudly for air and 
^L respiration, until its demands become too imperative 
^B for resistance. When you cease from voluntary oppo- 
^f eition, the movements of respiration begin again of 
I. themselves, and the feeling of suffocation passes off as 

the fresh air finds its way into the lungs. 
(, The nervous impression, accordingly, which excites 

»the respiratory muscles is alternately produced and re- 
lieved as the air enters and is expelled from the pas- 
sages of the lungs ; and the movements of resplrAion 
UiO repeated at regular intervals as often as they are 
required for the renovation of the blood. 

Thus various reflex actions are performed by the 
nervous ganglia in different parts of the brain. Some 
of them are accompanied by the exercise of reason and 
Other intellectual faculties ; some of them call into op- 

ieration only the powers of sensation and the will ; while 
others, which are those most indispene -^ 
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on without our consoiousnees, by the simple operaliou 
of the nervouB force. 

We have now gone through with' the study of the 
great nervous maeses of the Epinal cord and the brain, 
and of the nerves connected therewith. Taken alto- 
gether, they form a division of the nervouB eyHtem 
which is called the Cerebrospinal system, from the two 
principal nervous centres which it contains. This sys- 
tem presides over all those functions which connect the 
animal body with external objects, such as sensation, 
the will, the instincts, the voice, and the introduction 
of food and air into the body from without. 

But there is another class of fiinctionB which are ei- 
clusively internal in their operation, such as digestion, 
absorption, secretion, nutrition, and the circulation of 
the blood. These functions are also regulated and con- 
trolled by a set of nerves and ganglia, with which their 
organs are more especially connected; and this part 
of the nervous system is called the System of the Cheat 
/Sympathetic We shall proceed to the study of this 
system in the following chapter. 

QUESTIONS FOR CEAPTEE XV. 

1 . 'Of what atmctiires is tho brain composed ? 

2. Ijow ore the two sides of the bniiti eeparftCed from each other? 

3. now are they connected ? 

4. Nome the three principal parts or divisions of the bruin. 

5. What is the iurm and situation of the medulla oblongain t 
G. What important moss of gray matter does it contain ? 

7. Of what is it composed on its onter sorface ? 

8. What ia the sitnation of the oerebdlam f 

9. OfwhatiaitcompQsodon its outer Hurflice? 

10. What is the arrangement of the eray matter oi 

11. Of what ia it composed iatemalty ? 
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I Uow ore the two lateral halves of the cerebellimi connected 
niih each other? 

. What name is given to the transverse connecEing baud of the 
cerebelliim ? and why ? 

14. What iRlbet«ber annulare r and whj is it bo called? 

1 5. What cuUection of era? matter does it coniain iDteraallf ? 

1 6. What are the peduncke of the braiii T and why so called ? 

1 7. Where do the fibres of the pednncles tenninale ? 

1 8. Which is the largest" diviEion of the brain ? 
1 0, What is the structure of its ooler snrfiice ? 

20. How are the two lalernl halves of the cerebmm connected niih 
each other? 

21. Where are the strialcd bodies and optic thalami aituntod? 

22. What is the function of the csrebrum f 

23. How do we know that the cerebrum is the organ of [he mind ? 
K4. Wliich is the simplest and moat important uf the mental facul- 
ties? 

26. What is the definition of memaiy ? 

2G. How is the memory afiecwd in cases of injury or deficiency of 
the brain ? 

27. What is the faculty of judgment T 

28. What is the faculty of reason t 

29. How are acts of an tnff/A^mf mitnre performed? 

30. Do sensation and volition depend upon the cerebnun ? 

31 . In what part of the brain do tlieee faculties reside F 

32. What is the difference between a nermna impression and con- 

33. What is the difference between inteUigtnee and ixilUion t 

Si. May an act be TOlntitary without being the result of intelli- 

85. What is an instinctive act ? 

3G, Where is the seat of simple sensation and volition in the brain ? 

37. What is the moat important reflex action taking place in the 

38. Are the movements of respiration rolunlaiy or involuntary ? 

39. Do they require the co-operation of consciousness or sensation ? 

40. What parts of the brain may be destroyed without arresting 
respiration ? 

41. What part of the brain presides over the act of respiration ? 

42. How is the medulla olilongata protected by its attnation ? 
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48. What do we mean by saying that ** the neck is broken?** 

44. Why is this accident immediatdj &tal ? 

45. How is the reflex act of breathing performed by the medaDa 
oblongata ? 

46. What nerve is the principal a^nt in oonyeying the impreaaon 
to the medulla oblongata? 

47. Is this impression nsnallj perceived? 

48. How can it become perceptible ? 

49. What mnscnlar action is excited bj it ? 

50. By what nerves is the stimnlas carried oatward to ihe nuucies? 

51. Why are the movements of respiration repeated at regnlar in- 
tervals? 

52. What is the cerebra-spitiail netvona system? 

53. What is the general function of the cerebroHspmal neiroDs wyt- 
tem? 
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CHAPTER SVI. 

SYSTEM 01* THE GREAT BTltPATHETlC. 
General Stnicture of tlie great Sympathetic — its Ganglia — its Nervea. 
— Arterial Plexos — their Diatribution-- «>unection with the Cera- 
bro-apinal System. — Slow operation of Sympathetic Nerves. — Effect 
of Colli and Wet.— Inflammation of the Internal Organs. — How to 
aTQid the effects of Exposure. — Different tincis of Eefles Action 
through Sympathetic and CerDbro-spinal Systems. 

163. General Arrangenientofthe Sympathetic System. 
— Tho system of the great sympathetic nerve consists 
of a, double chain of very ginall ganglia, which extend 
from one end of the body to the other, in front of the 
spinal column, running through the deeper parts of the 
neck, and inclosed in the oavitiea of the chest and ab- 
domen. The successive ganglia are connected with 
each other by fine nervous fibres, which run upward 
and downward in the direction of the chain. From the 
ganglia there are also given off numerous interlacing 
nervea, which are distributed to the great internal or- 
ganfl of the body — to the heart, the lungs, the stomach, 
the pancreas, the liver, the intestine, and the kidneys. 
These nervea are smaller than those of the cerebro- 
spinal system, and are less distinctly visible, owing to 
their grayish color and greater delicacy of texture. 

A striking peculiarity in the course ol the nerves be- 
longing to the sympathetic system is tliat they follow 
closely the distribution of the blood-vessels. Starting 
from the heart, they envelop the great vessels with a 
BOPt of network, or plexus, of fine interlacing nervea, 
K2 
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which is called the Arterial plexus of the sympathetic 
nerves. Each plexus ia re-enforced by fibres fi-om the 
adjacent ganglia, and sends off corresponding divisions 
with the arterial branches, which follow their successive 
ramifications, and thus accompany them all over the 
body, aud penetrate with them into the substance of all 
the organs. 

In the neck and in the chest the sympathetic ganglia 
are regularly arranged in pairs, oue on each side of the 
body, in front of the spinal column. This regularity is 
especially marked in the chest, where the ganglia are 
twelve in number, each one resting upon the head of 
the corresponding rib. But in the upper part of the 
abdomen their arrangement is difierent. Immediately 
behind the stomach, and about the great resaela given 
off from the aorta at this part, there is a collection of 
sympathetic ganglia varying in form and size. Of these 
ganglia there is one on each, side, which is larger than 
the rest, and which, fi-om its semicircular or half-moon 
shape, is called the Semilunar ganglion. AU the gan- 
glia are united with each other and with those of the 
opposite side by a network of filaments, forming a close 
and intricate central plesus. 

From this ple.'cus other bundles of interlacing fila- 
ments are given off, which follow the course of tha 
blood-vessels to all the abdominal organs. It has there- 
fore received the name of the -Sotorjotema, because the 
other abdominal plexuses radiate from it in every di- 
rection like the rays diverging from the sun. Thus 
the solar plesus holds, as it were, the central placi 
the nervous system of the abdomen, and by ita radi- 
ating filaments controls the action of the varioas or- 
gans contained in the abdominal cavity (Fig. 54). 
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Here, also, as in other parts of the body, the sympa- 
thetic plexuses and their branches follow the course of 




the Wood-vessels, embracing them every 
network of intersect! n" fibres. 
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^^^^0t Aetioa of tlie Sympathetio Nerves on tlie laternal 
QignA. — ^Accordingly, these nerves are every where 
in tDtinute coonectioD with the vascular system. It is 
in this way that the different parts of the circulstioD 
are brought under control ; bo that the course of the 
bitmd may be hastened or retarded, and its quantity in- 
ci«aeed or diminished in various organs. Thus the 
fimctiiHis of secretion, nutrition, and the like, which de- 
pend so much on the state of the circulation, are made 
to sympathize with each other in distant regions; and 
on this account the system of nerves now described has 
received the uome of the " eympathelic" system. 

The action of tffis system, however, and that of all 
the ot^ans under its influence, is involuntary in chsraC' 
ter and entirely independent of our control. 

Kevertheless, the sympathetic system of nerves is 
connected with the cerebro-spinal system. For each 
principal ganglion sends out a branch of communica- 
tion which unites with another branch coming from a 
spina) or cerebral nerve near by ; and thus the internal 
organs may be influenced, in a circuitous way, by im- 
pressions produced on the sensitive nerves. But this 
influence is always secondary and indirect in its opera- 
tion. 

16S. BInggish and continued Action of the Sympsthetr 
io Nerves.— The pecnliarity of the nervous action of the 
sympathetic system is that it is sluggish and gradual 
]fi its operation. The cerebro-spinal nerves, on the con- 
trary, respond instantly to the stimulus which is applied 
to them. Tlie sensibility of the skin feela at once any 
foreign body in contact with it, and the contraction of 
^L the voluntary muscles is immediate and momentary. 

11 ~^~"^ 
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for the operation of the nervous BtimuluB ; and its ac- 
tion, when once excited, is slow and uniform. Tiie peri- 
staltic movement of the intestines, for example, is not a. 
prompt and instantaneous contraction, liko that of the 
voluntary musclea, but a slow, continuous, and vermicu- 
lar motion, by which the food la steadily and gradually 
carried onward. 

The effect prodneed by the nervous action of the 
sympathetic system upon the internal organs often re- 
quires a still longer interval Thus, when we are ex- 
posed to cold or dampness, we feel the impression upon 
the sensitive surface of the skin immediately ; but the 
inflammation which follows in the interna! organs, such 
BS pleurisy or sore throat, only comes twenty-four hours 
later. And the disturbance of the circulation so pro- 
duced, when once it is established, continues long after 

ause has disappeared. Thus a cold or a pleurisy, 
which lasts a week, may be produced by an imprudent 
exposure which only continued for half an hour. 

a. Protection from Injury by Cold and Wet. — Accord- 
ingly, the greatest care should be taken to avoid Such 
onnatural exposures. The immediate discomfort and 
annoyance produced by cold and wet is a notice given 
to the nervous system that, if the exposui-e be contin- 
ned, more serious consequences will follow, and that the 
internal organs will suffer in their turn. As soon as 
possible, therefore, after being wet or chilled, the body 
flhould be thoroughly wanned and dried. The princi- 
pal danger in such cases is in delay. For cold and wet 
do not usually do any harm to healthy and vigorous 
persons so long as the body is kepi in active exercise, 
And the circulation maintained in a corresponding de- 
cree of rapidity. But after the work is done, or while 
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nem is in repose, the same exposure that before 
|itDditG«il only a healthr glow and reaction, if continaed 
longer, will depress the vital powers and caose danger- 
ous injnry to the internal organs, 

Hine, even at ^«eiiag temperatures, a man may walk 
about briskly in the open air with impunity; but, Bit- 
ting still in a cold room is always dangerous, and liable 
to produce the m.ast serious reeulta. 

The best protection, therefore, against the conse-, 
<)neiices of an unaToidable exposure is the active em- 
ployment of the mascles and limbs so long as the ooca- 
sioD for exposure continues; afterward the warmth of 
the body should be restored by artificial means with 
the least possible delay. 

167. Varioos kinds of Reflex Action. — ^The sympathetio 
syBtem is thus a medium of communication between 
the different internal organs; and, owing to its connec- 
tion with the cerebro-Bpinal system, the internal organs 
are also brought into relation with the sensitive sur- 
faces and the voluntary muscles. There are, accord- 
ingly, in the living body, reflex actions of three differ- 
ent kinds, which take place, in whole or in part, through 
the sympathetic system. 

1. Reflex actions taking place from the internal organs 
to the voluntary muscles and sensitive surfaaeg. — The 
convulsions of young children are often caused by the 
irritation of undigested food in tlie alimentary canaL 
Attacks of indigestion will also sometimes produce tem- 
porary blindnesa, double vision, squinting, and even 
licniiplegin. 

2. Reflex actions taking place from the sensitive sur- 
faces to the involuntary muscles and the internal or- 
gang. — Imprudent exposure of the skin to cold and wet 
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will often bring on an affection of the bowels. Mental 
and moral impreaaions, conveyed through the senaes, 
■will affect the motiona of the heart and disturb digea- 
tion and secretion. Terror or eurpriae will produce a 
dilatation of the pupil, and thus commuDicate an unn- 
Bual and striking espreasion to the eye. Disagreeable 
sights or odors, or even nnpleasant occurrencea, in sen- 
sitive persons, will disarrange many of the internal func- 
tions of the body. 

R^x actions taking place, through the sympathetic 
system, from one part of the internal organs to another. 
• — The contact of food with the lining membrane of the 
intestine excites the peristaltic movement in its muacu- 
coat. The united action of the stomach, the liver, 
and other parts of the digestive apparatus takes place 
through the medium of the aympathetic ganglia and 
their nerves ; and the vascular congestion of the differ- 
ent abdominal organs, at the period of their functional 
activity, depends upon the same influence. These I 
tiona are not accompanied by consciousness, nor by a 
immediate action of the cerebro-spinal system. 

QUESTIONS FOR CHAPTER XTL 

1. What is the general arrangement of the great ejinpatbetic nerr- 
OBB ajstem? 

2. What 18 tlie generd coiirao sad diEtribntion of the Bjmpathetic 
irvea? 

8. What ii the Of(e7->n/;jfeciijorsrmpalhcticneryca? 

4. What is the arrangement of the ejmpatbedc gangiia and di 
in the neck and in the chest ? in tlie abdamea ? 

5. What is the sitoation of the atmiltaiar ganglion t 

6. What is [he (ofar^j/eias of theflympathetic? 

7. Over what fanctions does the synipathotic syatam preside ? 

8. Why is it called the " sjmpatlietic" Bystera ? 

9. In theiirlion of IheRvrnpathetic Kyetem voluntary or iavoluntal 
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10, Bow Ulliet7iiq«tlictircijdsncoDiieeted with die cootKO-^ 

11. How doea the actioD of die ^mpatbetk^ilan differ bmithit 
«(the cerebio-cpliul syston? 

13. Wluu injmicNu cSecta an lialde Id be pnidDced on tho intenul 
otgani bj eqxMoni of the bodj to ctdd and wet 7 

13. What preeantion gboold be takm to BToid tbeoe effiecta T 

14. Wliat reflex aclicau take place wludlj iv in part thmo^ tbe 
qinpathetic s^tem? 
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Definition of the Special Senses. — Nerves of Speeial Sense. — Organs 
of Special Sense. —The Sense of Siaar. — Optic Serve. — Tlie Eye- 
ball— its different Parts. —Field of Vision. —Line of iliartnct Vision. 
— Estimation of Distaope. — Solidity and Projection.— Stereoscope. 
— Tliamimtrope. — Inieroal Jmpresaiooa. — Maselos of the Eyeball. 
— Eyelids. — The Tears. — Winking. — Meibomean Glands.— Lach- 
rymal Canal. — Practices injurioos to the Sight. — Sense of Eeab- 
lEG. ■— Aaditory Nerve. — Labyrinth. — Tympannm or Dram. — 
Chain of Bonea. — Enstacbian Tube. — External Ear. — Direction, 
Contrast, and Pilch of Sounds, — Senhe op Smeli., — Olfaclory 
Nerves. — Nasal Passages, — Tarbinated Bones. — Two kinds of Sen- 
sibility in Nose. — Uses of the Sense of Smell. — Shssb of Taste. 
— Papilhc of TongnD. — Two kinds of Sensibili^ in Tongue, — Glos- 
so-phsryngeaJ Nerve. — Uses of the Sense of Taste. 

The last department of the nervous eystera which we 
Bhall study Is that of tho Special Senses. By this term 
we mean the seriBes which give us the feeling of certain 
senaations different from those of ordinary tonch, such 
as the Bensation of light, of sound, of odors, or of taste. 

168. Nerves of Special Sense. — Each special senEe has 
a nerve which is devoted to it, and which is called the 
Iferve of special sense. Each one of these nerves is so 
constituted that it can feel the particular sensation with 
which it is connected, but can not perceive any of the 
others. Thus the nerve of the eye is sensitive to light, 
but not to sound; and the nerve of the ear is sensitive 
to sound, but not to taste or odors. Each nerve, there- 
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f«ru, is eiiiiowcd with a special sensibility, which fits it 
to perform a special function. 

1(19. Org^aiiB of Special Sense. — ^For every special sense 
there is also a peculiar organ, of more er less compli- 
cated structure, to which the nerve ia distrihuted. 
This is called the Organ of special sense. Thus, for 
the sense of smell, we have the nose ; for that of taste, 
the tongue ; for that of sight, the eye ; and for that of 
hearing, the ear. Each organ of special sense, beside 
its nerve, is provided with blood- vesselB, liuiug mem- 
branes, muscles, and other parts, which assist in the per- 
formance of the entire function. 

We shall examine in succession, Ist, the sense of 
Sight; 2d, that of Hearing; 3d, that of Smell; and, 
4th, that of Tawtc. 

170. The Seiifle of Sight— Optio Serve. — We are en- 
abled to perceive the impression of light by means of 
a peculiar nerve, situated at the base of the brain, 
which is called the Optic nerve. This nerve ori^ates 
on each side from a. pair of rounded ganglia, aittiated 
between the cerebrum and the cerebellum, which are 
the ganglia of the sense of siglit (Fig. 53*[5]). From 
their giving origin to the optic nerves, and from their 
having the fonn of small rounded prominences, they are 
called the " optic tubercles." From these ganglia the 
optic nerves curve outward and forward, embracing 
the peduncles of the cerebrum, and, continuing their 
course along the base of the brain, leave the cavity of 
the skull, each by a rounded opening called the " optic 
foramen," and terminate in the back part of the two 
eyeballs. 

But about the middle of their conrse these nerves 
present a remarkable connection or union with eaoli 
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other upon the medjan line. They approach each otii 
1 each side, until they at last meet and become con- 
jolidated into a single mass. At this point there is an 
interchange of fibres between the two nerves, so that 
me of the fibres belonging to the right optic nerve 
,ss over to the left side, and some of those belonging 
the left optic nei-ve pass over to the right side. Tltia 
called the Decussation of the Optic Nm'vea (Fig. 55), 




DocaeBBlloii of Uie oplic uervee -. i, 4. Opllc laberclee. 



At this point there is also a connection between tlie 
■two optic tubercles, some of the fibres passing directly 
across, behind the decnBsation, and returning to the op- 
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tic tubercle of the oppoBite side ; and also a connec- 
tion between tie two eyeballs, as some fibres p&sa di- 
rectly across, in front of the decussation from side to 
side. Thus the eyes are not so much two distinct o^ 
gans as oue double organ, both parts of which are aa- 
sociated in the performance of a single Junction, 

From the place of decussation the optic nerves again 
diyerge, and, passing through the optic foramina, react 
the eyeball Here each nerve spreads out into a thin, 
delicate, grayish expansion of neiTous matter, which 
lines most of the interior of the eyeball. This expan- 
sion is called the Jietina, It forms the termination of 
the optic nerve, 

171. Function of the Optic Nerves. — The optic ner^o 
are the conductors of the sense of sight. When a ray 
oflight falls upon the retina, the impression ia conveyed 
inward along the fibres of the nerve until it reaches tie 
gray matter of the optic tubercle. There it becomes a 
sensation, and we consequently pereeive the impression 
of light coming from without. We also perceive iu 
variations of intensity and color, whether it be etrons 
or feeble, and whether it be blue, yellow, or red. 

Accordingly, if the optic nerves be divided or de- 
stroyed by disease, complete blindness is the result. 
For the impressions of light can no longer reach the 
optic tuhereles, and therefore produce no sensation. 

An important reflex action also taices place in the 
optic tubercles. Whenever a strong light falls upon 
the retina the pupil of the eye is immediately contract- 
ed ; if the light be diminished in intensity, the pupil 
again enlarges. The stimulus of the light, conveyed' 
inward by the optic nerve, is converted into a z^xt 
action by the optic tubercles, and is thence direcut 
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outward by certain motor nerves to the muscular fibres 
which serve to contract the pupil. This shows what 
jfl called the " aensibility of the pupiL" It is an invol- 
nntary action, and will take place even in a state of un- 
oonsciousneBB, provided the optic tubercles, as well 

e nerves, be uninjured. 

172. Strnctare of the Eyeball. — Thus far the appai 
tns of vision consists only of a sensitive nerve and 
ganglion, destined to convey and to receive the eimph 
impresGion of the light. But, in order to understand 
the means by which the sense of sight is exercised in 
.all its perfection, we must examine the special organ to 
which the optic nerve is attached. This organ ia the 
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The eyeball is a firm globular mass, situated in tU 
tony cavity beneath the forehead which is called tlM 
'"orbit." Only a small part of the front of the eyeball 
is visible between the lids; but by placing the fingers 
■over the eyelids, and between it and the bones of the 
orbit, we can easily feel its globular foim. It consists 
:«xtemally of a strong and opaque white fibrous mem- 
brane, which envelops the internal parts like a sac or_ 
^g. This is called, from its hard and resisting tei 
ture, the Sclerotic coat of the eyeball. 

The sclerotic coat extends all over the surface of tl 
.«yehaU, excepting just at its front part. Here there ia 
cular spot, about one fifth of the whole eurface of 
the eyeball, at which the white and opaque sclerotic is 
replaced by a firm but perfectly transparent and color- 
less membrane, through which the light gains admis- 
into the interior of the eye. In, texture and ap- 
pearance this part of the eye is like a colorless ) 
'transparent piece of horn or tortoise-shell, and it* 
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therefore named the Cornea. In looking directly at the 
eye from the front, we do not observe the cornea, eince, 
on account of its transparency, we see only the colored 
parts of the eye behind it. But if we look cloeely st 
the eye of another person in profile, we shall see tlie 
glassy surface of the cornea projecting in a lonnded 
form in front of the other parts. 

The eyeball, accordingly, ia covered every where by 
a dense and resisting envelope, of which the &ont po^ 
tfon, or the cornea, is colorless and transpai-eat, while 
that on the sides and back, or the sclerotic, is white 
and opaque. 

It ia therefore like a room with one window. The 
light will penetrate through this window and strike 
apon the back wall of the room, but it can not enter 
through any openings or crevices at the side. 

Immediately undenieath the sclerotic is a second 
coat or membrane of the eyeball, called the Choroid 
coat, of a brownish black color. It is quite opaque^ 
like the sclerotic, but ia much softer in consietency, and 
is abundantly supplied with blood-vessels. The choroid, 
is exceedingly important in the eye, to absorb the light- 
which reaches it and prevent reflections ; for such re- 
flections would interfere with the distinctness of illn- 
mination at the bottom of the eye. If you loot at a 
glazed picture at a little distance, with the light com- 
ing from a window directly behind, yon can not see the 
picture distinctly, owing to the reflection of light from 
the snr&ce of the glass. For the same reason, epy-glaur 
and microscope makers have learned to cover the iitt 
side of their tubes with a layer of soft black paint Mt> 
that all the l^ht may come in a direct line through ti« 
glass lenses, and none be reflected from the sides of the 
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JlDBtrument. The choroid membrane Bcrvea a fiimilar 
jpurpoaB is the eye, 

Benealii the choroid membrane comes the Retina. 
liis, as we have already said, Is the termination of the 
feptic nerve, aad consequently the most important part 
if the whole eyeball. As the nerve penetrates the back 
Fpart of the eyeball, it passes through both the sclerotic 
and choroid coats, and then spreads out in a thin, soft, 
delicate, and semi-transparent layer, which lines the 
I whole internal surface of the eyeball except in front, 
^Ljnst at the opening of the cornea. The retina is the 
^Kensittve part of the eye. It is this membrane which 
^freceives the rays of light entering at the front, and 
' communicates their impresaion, tlirough the fibres of 
the optic nerve, to the brain behind. But, though the 
retina is so sensitive to light and color, it can not con- 
vey the ordinary sensatione of touch. Even when the 
membrane itself is cut or pricked, as in surgical opera- 
tions about the eye, it does not convey the feeling of a 
I touch or a wound, but only the sensation of a flash of 
light. It is for this reason that a sudden blow upon 
the eyeball produces the appearance of an explosion of 
brilliant sparks. Wlien the deeper parts of the eye aro 
inflamed or otherwise disordered, the patient sometimes 
Bees irregular flashes and points of light, owing to the 
unnatural irritation of the retina; and when this mem- 
brane is deeply injured by disease, it becomes insensi- 
ble, and the eye is consequently blind. 

Owing to the special sensibility of the retina, there- 
fore, its function is exclusively devoted to the perCGjj- 
tion of light which reaches its surface fi-om without. 

The globular cavity inclosed by the retina is occu- 
|ned by a transparent, jelly-like substance, which is 
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termed the Vitreous body, from ita colorless and glassy 
appearance. It fills the interior of the eye, and keeps 
the other parts in their places by preserving the ten- 
sion of the external coats. 

173. Crystalline Lena. — Just in front of the middle of 
the vilreouB body is another transparent and extremely 
important part of the eye, which is called the Crystal- 
liiie lens. It has the form of a circular, flattened gliss 
bead, thicker in the middle and thinner at its edges. 
The lens is suspended hi ita position by a very thin and 
delicate membrane, which envelops its surface both in 
front and behind. It then stretches outward from the 
edges of the lens m a double layer, which booq a&& 
consolidates into a single membrane, called the "hya- 
loid membrane," and in this form it extends over 
whole Burfacfl of the vitreous body. The crystalliw 
lens is thus held in its place in front of the central puti 
of the vitreous body {Fig. 56). 




Vnrdeal Section at the Ej 
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1 74. Pnnction of the Crystalline Lena. — Now it ie onlj- 
by means of the crystalline leus that we are enabled t(> 
perceive iheform andoutime of things. For tlic retina 
itself ia only sensitive to the impressions of light and 
color; that is, it can perceive the difference between 
light and darkness, and between the diiferent colore, jis 
red, blue, yellow, and gi-een. But it has no power, by 
itseli^ of distinguishing the form of objects. The eye 
receives the light indifTercntly from every part of an 
object which may be situated in front of the cornea; 
Fig.BT. and therefore, if it 

were provided with 
the retina alone, the 
rays of light from all 
]ians of the object, 
diverging equally 
in every direction, 
viaion wiiflout a Lene. would enter the eye 

and reach together every part of the retina, as in Fig. 
57, where tlie arrow, (n, /*, represents the object, and the 
dotted line at the 
I'iglit represents the 
retina. Here all 
parts of the retina, 
1, 2, 3, 4, would re- 
ceive rays corning 
liolh from the point 
of the arrow, a, and 
from its butt, b. Thus the top, bottom, and sides of tlie 
objects would all be indiscriminately mixed at the sur- 
face of the retina; and we should not be able to dia- 
tingnish its different parts, bat should only receive the 
impresKion of a confused liiminodty. 
O 
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A "lens" is any transparent body, having the fignr 
described above, that ie, rounded on its two opposite 
Buifaces and thinner at its edges, which has such ai 
tionon the rays of light passing through it that it brings 
them together or concentrates them at a certain dis- 
tance beyond. Consequently, any brilliant point aittt- 
ated in front of such a lens will produce another bril- 
hant point behind it ; because its rays, wliich divei^e ia 
order to reach the lens, are again brought together hi 
passing through it. We can see this effect with any 
convex lens of glass, such as the large nu^nifyiiig 
glasses which are used for looking at pictnreB. 

If you hold a white screen or a sheet of paper at a 
distance of six or eight feet from a gaa-light, the whole 
surface of the paper is equally and moderately illuj 
ated, because the hght, coming from all parts of the 
flame, is spread uniformly over its surface. But if you 
hold a lens between the light and the paper, yon will 
see that it makes a spot which is brighter th&n the 
rest ; and as yon bring the lens slowly nearer and a 
er to the paper, the middle of this spot grows brighter 
and brighter, until at last you have a distinct and bt& 
liant image of the flame in its centre, while the ■ 
rounding parts are dark. Not only all the light patt- 
ing through the lens is thus brought together in s 
small space, but all the light coming from the top of 
the flame is concentrated at one point, and all that coiD- 
ing from its bottom is concentrated at another ; so i*"* 
we can now distinctly perceive its form and outline. 

The crystalline lens performs the same service in tb 
interior of the eye. With the lens interposed, aD ih 
rays emanating from the point of the arrow, a (Fiff, ML 
are concentrated at x, and all those emaiiating from iv 
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I butt, b, are concentrated at y. Thus the retina receives 
mpression of the point of the arrow separately from 
I that of its butt, and all parts of the object in like man- 
I ner arc distinctly and accurately perceived. 

The retina, accordingly, ia the sensitive screen upon 
I vhicb the light ia thus concentrated. 

The distance from tlie screen at which a lens will 
thus concentrate the light to a point is called its/ocua, 
and it is only at this distance that the concentration 
will be perfect. If we move either the screen or the 
lens backward or forward, so as to increase or dimio- 
I iah the distance between them, the brilliant spot fades 
ftway, to reappear when the two are again placed in 
their proper position. Now the crystalline lens is nat- 
urally placed at such a distance from the deeper parts 
of the eye that it concentrates the light to a ibcus ex- 
actly at the surface of the retina. 

175. Iria and Pnpil, — In front of the crystalline leus 
there is suspended a muscular curtain with a circular 
opening or perforation at its centre. This curt^n or 
partition is the Iris. It is so called on account of its 
variations of color, its surface presenting a mixture of 
L different tints, which produce, all together, the effect of 
I black, brown, blue, or gray. This is the colored circle 
" which we see behind the transparent cornea, and the 
circular opening in its centre is the fi^l. 

The iris is composed of fine muscular fibres, which 
are arranged in two sets. Those of the first set radiate 
fi-om the edges of the pupil outward, and serve to en- 
large the opening. Tlie second run circularly round 
the pupil, and serve to draw it together like the mouth 

Ipf a purae. The posterior surface of the iris is covered 
with a layer of black coloring matter like that of the 
L i— 
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clioroi<l coat. The iris itself is therefore opaque, and 
it aJruits the light to the interior of the eye only 
through the opening of the pupil. 

176. MoTementa of the FnpiL — The pupil, however, is 
movahle. By the alternate action Oi' the circular and 
radiating fibres of the iris, Its opening may be enlarged 
or diminished, and a greater or smaller quantity of 
light admitted to the eye. We have already described 
the reflex action by which this is accomplished. When 
the light which strikes the retina is intense and daK- 
zting, the pupil contracts and shuts out a portion of it; 
when the light is dim and insufBcient, the pupil enlarges 
and admits it in greater abundance. 

Accordingly, when we suddenly enter a brilliantly 
Ughted apartment, the eye is at first dazzled by the in- 
tensity of the light ; but it soon accomraodatea itself to 
the change by the contraction of the pupil, and the 
light no longer produces discomfort On the other 
hand, on first passing fi-om the light into a dark room, 
every thing is in obscurity, and none of the objects in 
the apartment are visible to us. But as the pupil en- 
larges and more light gains entrance to the eye, the va- 
rious objects become perceptible, until the room, which 
before appeared in total darkness, at last seems to be 
tolerably well lighted. 

This reflex action of the pupil takes place throagh a 
part of the sympathetic Bystera. In the back part of 
the orbit of the eye there is a minute nervous ganglion, 
called the Ophthalmic ganglion. It communicates by 
slender filaments with the arterial plexus of the sym- 
pathetic nerve in the interior of the skull, and also with 
motor and sensitive branches of the cranial nerTe& 
Prom its front part there pass ofi^ from ten to fifleon 
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<le!icate nerves which soon penetrate the sclerotio coat 
of t}ie eyehall, and run forward beneath it until they 
reach the situation of the iria. These are called the 
Ciliary nerves. They are finally distributed to the 
muscular fibres of the iris, and alternately excite them 
to contrtict or enlarge the pupil. 

The movement of the pupil is therefore one of those 
reflex actions which take place partly through the cere- 
bro-Bpiiial and partly through the sympathetic system 
of nerves. The impression upon the retina is first car- 
ried to the optic tuherele in the brain, while the im- 
pulse reflected thence ia conveyed to the ophthalmic 
ganglion, and finally reaches the muscular fibrt-s of the 
iris through the ciliary norvea. 

Between the front of the iris and the inner sni-foce 
of the cornea is a space which is filled with a thin 
transparent fluid. From its watery consistency this 
fluid has received the name of the Aqueous humor. It 
completes the structures entering into the composition 
of the eyeball. 

There are several peculiarities in the function of the 
eye which require attention. 

177. Field of ViBios. — First, (Acre is only a small fjyace 
in front of the eye in which objects can be seea distinct- 
ly. As the pupil will admit rays of light coming ob- 
liquely from various directiona, there is, of course, a 
flfld or circle, of a certain size, within which objects 
can he perceived. This space is called the Meld of 
vision/ and beyond its limits nothing whatever can be 
seen, because rays of light coming directly from the 
side or from behind can not enter the pupil. 

178. Line of distinct Vision. — But even within this 
field there ia only a single spot in its centre atf which 
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objects can be seen distinctly. Thus, if we stand iu 
front of a row of upright stakes or poles, we can see 
those directly before the eye with perfect diBtinctDess, 
but those placed at a little distance on each side are 
only perceived in a confiised and uncertain manner. 
We can see that they are there, but we can not accu- 
rately distinguish their outlines. 

When we look at the middle of a printed page, di- 
rectly in front, we see the distinct forma of the letters; 
hut at Bucceseive distancea from this point, if the eye be 
kept fixed, we can distinguish first only the separate 
letters with confused outlines, then only the words, and, 
lastly, only the lines and spaces. 

This is because the rays of light which enter the 
crystalline lens dii-ectly from the front (as from a, Pig. 




59), are concentrated by it to a focus at the retina {x), 
and produce distinct vision ; but those which entor it 
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very obliquely (as from S), cross each other in the cav- 
ity of the eyeball, and bo reach the retina separately 
(at y, 2), thus producing indistinct and imperfect vision. 

There is, therefore, only a single line extending di- 
rectly in front of each eye within which objects are dis- 
tinctly seen. This is called the JLine of distinct vision. 

We make up for thiB,however,by the great mobility 
of the eyes, which turn rapidly toward every part of a 
landscape, and in this way enable us to see the whole 
with distinctncBS. In reading a printed page, also, the 
eyes follow the lines from left to right, thus seeing each 
letter and word distinctly in succession. At the end 
of each line they return suddenly to the commence- 
ment of the next, and repeat this movement from the 
top to the bottom of the page. 

179. Single and diatinot Vision with bolh Eyee. — Be- 
side this, even directly in front of us, there is only a cer- 
tain distance at which objects can be seen distinctly/ by 
both eyes. As the eyes are situated two or three inches 
apart from each other in their orbits, when they are 
both directed toward the same object, the lines of vis- 
ion for the two eyea converge and meet each other at 
the situation of the object. It is for this reason that 
only one object, though we look at it with two 
eyes ; for, as the two lines of vision meet at a single 
point, the two distinct images exactly cover each od 
er, and so form but one {Fig, flO [l]). 

But either within or beyond this point, ^ion 1 

mes imperfect and at the same time double. If we 
hold up one of the fingers before the face at the dis- 
tance of one or two feet, and in the same range with 
any small object, such as a door-knob, on the other si 
of the room, when both eyes are directed at the fingi 
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agle and distinctly, but the door-knob aji- 
^ peara double, oue iiu^o on each 

side the finger. If we now change 
the direction of the two eyes and 
look at the door-knob, that, in its 
turn, will become distinct and do- 
gle, while the finger will appear 
double, one ou each side the door- 
knob. 

This is because, when botii eyes 
are directed at the nearer object 
{Fig. 60 [l]),the farther one [2], 
will also he seen ; but it will be 
Bcen indistinctly, because it is 
outside the line of distinct vision. 
But for the right eye it will be to 
the right of the lino of vision, and 
for the left eye to the left of this 
line. Tlie two images, therefore, 
i«Re™i do not correspond in situation, 
and the object consequently ap- 
pears double. 

In looking at a landscape, accordingly, when both 
eyes are directed at the foreground, the middle ground 
and the distance both appear dim and indistinct; and 
when the eyes arc directed toward the distance, the 
foreground, in its turn, is imperfectly perceived, 

Thu8|^e judge instinctively of the distance of differ- 
ent objects by the direction of the two eyes and their 
lines of distinct vision. 

180. Appreclatioii of Solidity and Prcgection. — But the 
combined action of the two eyes is also useliil in anoth- 
er respect : it enables us to appreciate the qualities of 
»nliMty and prf^cHon. 
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Wlien we look at any solid ob- 
ject, such as a, square box (Fig, ^ 
61), at a short distance in front of 
us, the two eyes, being separated 
from each other by the distance be- 
tween their orbits, will see the ob- 
ject from two different directions. 
Both of them will see the front of j 

tlie box («), but, in addition, the j 
right eye will see a little of its j / 
right side (6), and the left eye will ; / 
Bee a little of ita left aide (a) Wu 1/ 
can easily convince ourselves of f^^ 
this, in looking at such an object., ^j-^ ^ 

by alternately closing first the vifliiin"tsoitdovc[^— i, 
nght and then the left eye (as in t, e. Soua oiiject 
Fig. 62), when we shall find that to the left eye the boic 
appears as at a, and to the right eye it appears as at l>. 



I 



b 




m 



BoUd Object.— (LABeceubjlhekllETC: b. As secDbftbe rlghteye. 

Consequently, the images of such a solid object, as 
I perceived by the two eyes, are different. But as they 
I are both In the line of distinct vision, and occupy the 
1 eamo spot, they arc united with each other, and appear 
I as one. It is from this union and fusion of two diflibr- 
Jent images that we acquire the percqilion of soHiltty 
Kand projection. 

02 
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Accordingly, a flat picture, however well it may be 
painted, can never deceive us in this respect; for we 
feel that precisely the same image is presented to both 
eyes, and consequently that it can have no real projec- 
tion. 

But when two pictures of the same object, taken in 
two different positiouB, are presented in such a way 
that only one of them is seen by the right eye and only 
the other by llie left, the same effect may be produced 
as by the abject itself, and the appearance of solidity 
and projection may be perfectly imitated. 

This is actually accompllBhed in the contrivance 
known as the Stereoscope. This is simply a box hold- 
ing two pictures, usually photographs, of the same ob- 
ject. One of the photographs, taken as the object 
would actually appear to the right eye, is seen by the 
right eye; and the other, taken as it woald appear to 
the left eye, is aeen by the left eye. Thus the two pict- 
ures combined seem to be but one, and a singularly de- 
ceptive resemblance to the real object is produced. 

Thus, within moderate distances, we perceive the pro- 
jection of solid bodies by the combined action of the 
two eyes. We also perceive variations in distance by 
the different direction" of the two lines of vision and the 
angle at which they meet. But at long distances both 
these distinctions ceaso; because the direction of the two 
eyes is then so nearly parallel that we can not perceive 
the difference between them. The colors of object* 
also become less brilliant as they are removed from us, 
and are also changed somewhat by the intervening at- 
mosphere. We can perceive, accordingly, the solidity 
and variation in color of a rock, a tree, or a honse neiar 
by ; but at a distance of some mites, even a large object. 



1, and appears flat 
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such as a mountain, loses its projectioi 
and gray against the horizon. 

1 81. Effect of ContrftBt in Light and Color.— Secondly, 
the strength of the impressions which we obtain by the 
eiglit depends npon their contrast. The lighted parts 
of a solid object appear not only more brilliant, but 
also of a different color from those which are in shad- 
ow ; and the greater the contrast between these tints, 
the more readily we distinguish its different parts. 
The strongest of all contrasts is that between black 
and white, and therefore wo very easily read a print- 
ed page, which is composed of black lettei-s on a white 
ground. It is still easier to distinguish white letters 
on a blaclc ground, because tho cyo is more attracted 
by the white surface which is lighted than by the black 
surface which is dark. Different colors are also modi- 
fied in their appearance by other colors with which 
they are associated. Thus a white surface will look 
blue by contrast with yellow or orange, and will aa- 
teume a rosy tinge by contrast with green. If we look 
through blue spectacles, every thing will at first sight 
appear to be tinged with the blue color of the glass ; 
but this inipresston will after a time pass away, and 
when the spectacles are again removed, surrounding 
objects will look yellowish by contrast. 

When different colors are closely mingled together 
they produce an intermediate tint. Thus blue and yel- 
low, when intimately mixed, produce green ( yellow 
and red produce orange; red and blue produce pur- 
ple; and white and black grains, uniformly mingled, 
have the appearance of a continuous shade of gray. 

1 82. Persistence of Visual ImpresBionB. — Thirdly, vivid 
impreasiona pToditced upon the eye remain for a short 



J-21 I'lITSIOLOGY AND ETGIENE. 

time aftenoard. it a lighted stick be swung round rap- 
idly in a dark room, it appears like an onbroken circle 
of light. ThiH is because the impression of the light, at 
any one point in tlic circle, remains until the rcvolviog 
stick has again returned to the same spot ; and a bdc- 
cession of sparks, sent off rapidly from a kuife-grinder'a 
wheel, produce the appearance of a continuous stream 
uf fire. This is also illustrated by a familiar toy called 
the Thaumatrope. In this instrument a series of pict- 
ures of the same object in different positions, as of a 
horse leaping over a wall, are made to pass succeesiTely 
before the eye upon a revolving card. The different 
figures follow each other so rapidly that the eye can 
not perceive the interval between them, and they look 
like the same figure iii aetive motion. 

183, Visual Impressions of Internal Origio. — Finally, 
the impresaions of sight may be imitated by the intemai 
action of the nervous system^ so that we^appear to see 
objects which are not presented to the eyes. This is 
also true of all the other senses, but the internal im- 
pressions belonging to the sense of sight are much more 
vivid than the rest. Thus, in a dream, or even in a rev- 
erie, we often see external objects, with all their peculi- 
arities of light, color, and form, nearly or quite as dis- 
tinctly as when awake, and much more distinctly than 
we perceive imaginary sounds or sensations of touch. 
It ia this sense also which becomes most easily excited 
in certain nervous disorders, as in delirium, when the 
patient sees paasiug before his eyes faces, and fignreB, 
and landscapes, and towns, and cities, which are depict- 
ed upon his imagination with a remarkable force and 
distinctness. 

As the sense of sight, therefore, does not depend eo 
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dii'ectly as the other senaes npon the actual contact of 
external objects, it is more readily called into activity 
when withdrawn from their influence. 

The organ of sight ia provided with certain accessory 
parts, which enable it more perfectly to perform its 
functioHB. 

184. Horementfl of the Eyeball. — In the fii-st place, the 
eyeball ia movable within the orbit. It resta in this 
bony cavity, imbedded in a layer of fat, which acta like 
a soft and elaatic cushion ; and upon thia cushion the 
eyeball is capable of turning in various directiona. 
From the bony walls at the bottom of the orbit four 
slender muscles pass forward in a atraight direction to 
inaefted into the sclerotic coat — one above, one be- 
low, one on the inside, and one on the outaide of the 
eyeball. These are the "atraight muscles of the eye- 
ball." Ah they contract, they turn the eye upward or 
downward, inward or outward. Another muscle, very 
curiously conatmcted, ia called the " upper oblique 
muacle of the eyeball" It ariae8,like the rest, from the 
back part of the orbit, and runa forward until it reaches 
its npper and inner portion near the bridge of the noae. 
Here the tendon passes through a fibrous loop attached 
to the bone, and then turns backward and outward, to 
Ise inserted into the upper part of the aclerotic coat 
near its middle. The tendon and the fibroua loop thus 
form a pulley, through which the muscle acts upon the 
eyebalL It is therefore sometimes known by the name 
of the " trochlearis," or pulley-like muscle. Finally, a 
sixth, or the " lower oblique muscle," starts from the in- 
ner and lower part of the orbit, and winds outward be- 
Deatli the eyeball, to be attached to the sclerotic at its 
outer part, nearly opposite the insertion of the trochle- 
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The two oblique muBclea rotate the eyeball apon its 
axis. If you Btand in front of a mirror and incline the 
head gently from aide to side, you will see that the eyes 
tarn at the same time in the opposite direction, revolv- 
ing easily in their orbits, so that each eye keeps its own 
level with the liorizon. This is accomplished by the 
action of the oblique muscles. All the mueoles of tiv) 
eyeball, by this combined or alternate contraction, thus 
enable the eye to move in varions directionB, and both 
enlarge the area of sight and assist in the expression 
of the face, 

185. Protection of the Eyeball from Injury. — ^The eye- 
ball is protected from external injury by the bony 
edges of the orbit. These arc so arranged that, with 
the cheeh-bones and those of the nose, they form a 
nearly continuous ridge or rampart about the front of 
the eye. A blow with a stick or other weapon, there- 
fore, hardly ever injures the eyeball, because it is 
caught by the projecting edges of this ridge. In order 
to reach the eye itself, the missile or weapon most be 
directed in a nearly straight line from before backward ; 
and as this seldom happens, the eye usually escapes in- 
jury 

186. The Eyelids and their Moremente. — In front of 
the eyeball are the Eydkls. These are two horizontal 
curtains or folding-doors, which open and shnt to ad- 
mit or exclude the light Each is strengthened by a 
thin but firm cartilaginous plate, situated beneath the 
ekin. The upper eyelid is much the larger and more 
movable of the two, and when the eyea are opened it 
is raised by a muscle attached to its upper edge, and 
drawn in beneath the roof of the orbit. When allowed 
to fall, it covers the whole of the pupil and the greater 
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part of the comea. It ia therefore like a. screen or Ve- 
netian window-blind, which may be raised or lowered 
at will in front of the transparent parts of the eye 
(Fig. 63). 

Fig. 03. 




Bil*rnsl part* oflhe Eye.- , , „ ^_ .. 

callBa, from \u white col^lliB ' white of Ihe ejo " 4. Uppet e/eiidri? 
Lower eyeiid. 

The inside of the eyelids are lined by a thin and 
transparent membrane, called the Conjunctiva, which 
also extends over the whole exposed portion of the eye- 
ball. The conjunctiva is supplied with a very import- 
ant wateiy secretion, by which its surface is constantly 
bathed, and its brilliancy and transparency kept unim- 
paired. This secretion consists of the tears. They are 
produced in a little gland, termed the "Lachrymal 
gland," situated in the upper and outer part of the orb- 
it, and are conducted thence by a number of fine ducts, 
which open upon the conjunctiva near the outer comer 
of the eye. The watery fluid then runs along the edge 
of the lower eyelid toward the inner comer of the eye. 

187. The act of Winkiiig. — But about five or six times 
a minnte the tears are spread ovej the surface of the 
conjunctiva by the act of winking. This motion is per- 
formed liy means of an oval shaped muscle, situated 
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inimt'dialely beneath the skin of the eyelids, which 8ll^ 
ronnds their opening with a Ihin and broad layer of cir- 
cular fibres. This is the OrbictUaris muscle, bo' named 
from its orbicular or ring-like form. Hy its contraction 
it suddenly draws the eyelids together, and, as they in- 
stantly separate, they distribute the teara in a thin lay- 
er over the surface of the conjunctiva. 

This motion is extremely important For, as the 
Iront surface of the eyeball is constantly exposed to 
the air, it loses its moisture by evaporation, and would 
soon become dry, wrinkled, and opaque. It is for thia 
reason that immediately after death the eye becomes 
dull and tarnished, and loses its natural appearance of 
brilliancy. But during life the orbicularis muscle is 
constantly watching for the safety of the eyeball ; and 
every few seconds, as soon as a little collection of the 
teara has accumulated below, it brings the eyelids to- 
gether with a quick, sharp motion, catches the wateiy 
fluid upon their edges, and so spreads it equally over 
the surface of the cornea. 

The motion of winking is a reflex action. It takes 
place, as a general rule, without our knowledge, and it 
is even difficult to resist it, for a long time, by any vol- 
untary effort. It ifl 80 rapidly performed that it does 
not usually attract our notice. For we have already 
seen that visual impressions made upon the eye remsun 
for a very short time afterward; and though the lids 
are closed by each act of winking, the motion is so in- 
stantaneoiiB that it does not interrupt the sensations of 
the eye, and it therefore passes unobserved. 

188. The Ueibonifan Olands and their Secretion.— In 
order to prevent the tears from being lost by running 
over the eyelids, the edges of the lids are smeared with 
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1 thick oleaginous Becrelion, like the " sebaceous mat- 

" of the skill. OUy matters and water have such a 

repulsion for each other, that a little grease, rubbed on 

B edges of a cup, will retain the water and prevent 

VitB running over, though the cup may be filled even 

■ above the level of its brim. The same office is perform- 
Fed by the oUy secretion of the eyelids. It is supplied 

by a number of long slender glanda, called the Meibo- 
mean glands, surrounded with clustered follicles, which 
are situated on the inside of each eyelid directly be- 
■ neath its lining membrane. They open by fine orifices 
B^ng the margin of the lid, and keep this part covered 
B^Vith a thin layer of their secretion. 
H Usually the sebaceous matter Is sufficient to keep the 
H;teare within the eyelids; but the lachrymal glands are 
ffvery sensitive to peculiar mental emotions. These emo- 
tions, by the sympathetic action of the nervous system, 
sometimes excite the glands to unusual activity, so that 
they pour out their secretion in increased abundance ; 
k and the tears, thus discharged in excessive quantity, 

■ run over the edge of the eyebds, and trickle down upon 
[the cheeks and face. This is the act of weeping. 

. Faseage of the Team into the Cavity of tiie Nos- 
EtlilB. — From the front of the eye, the tears are collected 
■ty a minute orifice at the inner comer of each eyelid, 
e two orifices lead into two narrow tubes or canals, 
I called the Lachrymal canals, which convey the tears 
I into an enlarged cavity or sac at the upper and outer 
I part of the nose. This sac is continued downward into 
Kh duet, called the "nasal duct," which opens into the 
Interior of the nose, about its middle portion. Thus 
Ihe tears, after performing their part in the protection 
f the eyeball, are conducted through the lachrymal 
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passages, to be fioatly^ dischai^ed into the cavity of Uie 
nostrllsL 

lao. Sensibility of the Conjnnctivft. — The surface of 
the coDJnnctiva posseases an extreme aensibility. This 
is not like the sensibility of the loach, but rather an 
irritability like that of the glottis, by which the con- 
junctiva reaents the intniaion of foreign subetanceB be- 
tween the eyelids. It is protected irom this intrndon 
by the activity of the orbicularis muscle, which con- 
tracts spasmodically, and shuts the lids on the least ap- 
proach of external objects to the eye. It is still farther 
protected by the Eyelashes. These are the stiff curved 
hairs which grow from the outer margins of the Ud§, 
and project forward in front of their openings. Those 
of the upper lid are curved upward, those of the low- 
er lid are curved downward; and when the lids are 
brought near together, these two ranges of hairs stand 
like BO many crossed sabres, or a kind of chevaux-de- 
fiise, guarding the entrance to the eye. 

But if any foreign body should accidentally gain ad- 
mission, then the sensibility of the conjunctiva is ex- 
cited. Every one has felt the extreme irritation pro- 
duced by the entrance of a grain of dust, or a cinder, 
or the filing of a metal, beneath the eyelids. The front 
of the eyeball becomes blood-shot, the tears are poured 
out in abundance, the movements of winking follow 
each other with rapidity, and the attention is distract- 
ed from every other object by the discomfort of the 
Buffering organ. 

This irritability of the conjunctiva ia the safeguard 
of the eye. For if the foreign substance were allowed 
to remain, it would produce, after a time, a serious in- 
jury to the deeper parts, and thus permanently itnp^r 



till! sight. Tlieee deeper parts, altliough so important, 
are ihemselvea insensible. But the conjunctiva stands 
in front of them, to give us notice of the approach of 
danger; and when the foreign body is not immediately 
discharged, this membrane is thrown into an excessive 
irritation, and gives us no rest until we have rid onr- 
eelves of the offending substance, and relieved the eye 
iVom the danger of its presence. 

1. FrecautioiiB proper to be observed in oaing the 
Byes. — The eye, like other bodily organs, is susceptible 
of fatigue. After being exposed for a considerable 
time to a bright light, this fatigue is very perceptible, 
and the optic nerve is refreshed by the repose of twi- 
light or of a shaded apartment. There is no doubt 
that the regular i-efreshment of sleep during night Is 
also necessary to the sense of sight as it is to the mus- 
cular system ; and this, the most delicate and valuable 
of all the senses, is the most readily impaired by an on- 
natural want of sleep. 

The sight may also be injured by excessive or im- 
proper use during the day. 

This effect may be produced, first, by exposure of the 
■^J-e to too brilliant a light. If we look for an instant 
fit the snn, or even at an excessively strong artificial 
ight, we feel for some seconds afterward that the eye 
is partially blinded. It can no longer distinctly per- 
■ceive surrounding objects ; and if we have been so im- 
prudent as to continue the unnatural exposure, its blind- 
ing effect lasts for a long time afterward. Tlie eye 
may even be permanently injured by too violent or 
long-continued a stimnlua of this Idnd. 

Secondly, the eye should not be employed for too 

ng a time in thejAoK examination nf small objects. 
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Very small objects, seen at a. short distance, reqiiirt a 
greater exertion of the eye than larger ones which an- 
more easily perceived. Thus it is exceedingly weari- 
some and injurious to read a book which is too fiutly 
printed, or in which the letters are too close together, 
oi- not sufficiently distinct. It is the worst posribk 
economy, therefore, to read habitually books which 8ro 
badly printed ; for it is at the expense of tlie eyesighl, 
which can not be replaced when once serionsly im- 
paired. 

But the examination of minute objects, or the c 
ploymcnt of tlie eye in reading or writing, is much 
more injurious when continued teilh insufficient light. 
The light, of course, should never be dazzling, but it 
should always be sufficient to iliuminate fully the print- 
ed page or other object which is under examination. 
Otherwiss the eye becomes strained and wearied be- 
yond its natural power of endurance, and a repetitio; 
of such treatment will inevitably impair the sight. I 
is for this reason that reading by twilight is particularly 
dangerous; because the light fades at that time slowly 
and imperceptibly, and thus becomes exceedingly insn^ 
ficient before we notice its diminution. 

The light which is used should also be perfectly ir 
form and iteadp. The difiuaed light of day ia ibero' 
fore the best for reading or writing. A flickering a 
uncertain artificial light, on the other hand, is the worslj 
for its rapid and irregular changes from brightness b 
obacurity fatigue the optic nerve, and rapidly exhaust 
the sensibility of the eye. 

The use of the eye in studying minute objects should 
therefore be employed with moderation, and in buc^ i 
way as to save the organ from imnatnral irritation « 
fatigrie. 
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;, The Sense of Hearing. — Sound is produced by the 
vibration of the atmosphei-e. Many solid hodiea also 
are capable of vibrating, such as a metallic bell or the 
fltringa of a violin; but their Vibration muist be commn- 
nicated to the atmosphere in order to reach onr ears 
and thus produce the sensation of sound. Accordingly, 
if a bell be rung under the receiver of an air-pump from 
which the air has been eshausted, it produces'no sound. 
Tlie metal itself may vibrate as usual, but its move- 
ments can not be communicated to the atmosphere, and 
consequently can not reach our organs of perception. 

Hearing is therefore the sense by which we perceive 
the sounds which are conducted by the atmosphere. 

193. Auditory Herre.— The sense of hearing depends 
upon a special nerve, called the Auditory nerve. This 
nerve originates from the upper and back part of the 
medulla oblongata, whence it passes outward, curves 
round this portion of the brain, and, after a short pas- 
sage, penetrates by a rounded opening into a thick and 
triangular portion of the floor of the skull. This part 
of the bony walls of the cranium ia much denser and 
harder than the remainder, and has therefore received 
the name of the " stony" or " petrous" bone. 

Within the petrous bone the auditory nerve presents 
a singular and complicated form. 

194. The Labyrinth. — It lies in a cavity which is ex- 
I- cavated in the substance of the bone, and in which it is 

protected from external injury by the thickness and 
density of the bony walls. This cavity, from its re- 
markable and varied configuration, is called the Laby- 
rinth, It consists, first, of a small rounded chamber, 
I which serves as a kind of entrance or ante-room to tho 
remainder, and is therefore termed tho " vestibule." The 
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vestibule communicateB with three narrow curved paa- 
BageB, called the " semicircular canals." These canals 
are bo placed that oae is directed nearly upward and 
forward, the second nearly-upward and sideways, while 
the third is horizontal. Both the vestibule and the 
semicirculftr canals are filled with a clear transparent 
fluid like lymph ; and in this lymph there is suspended 
a. membraaous sheath or hag, which preaenta in its form 
an exact repetition of the bony cavities which inclose 
it, being enlarged at the situation of the vestibule, and 
Bending out tubular prolongations into the semian 
lar canals. Its interior is also filled with lymph, and it 
thus floats in the fluid of the labyrinth, but without 
touching the walla of the cavity. 

The auditory nerve is distributed to thie sheath, its 
fibres spreading out in the substance of its memltranoas 
walla. 

The remaining part of the labyrinth is no lees pecul- 
iar in its form. Just alongside the vestibule there is i 
double tubular canal, which winds round a hollow cen- 
tral axis, making nearly three complete turns, thus form- 
ing a kind of spiral cone, like a snail-shell, with its point 
directed forward and outward. From its resemblance 
to a Bnail-shell, this part of the labyrinth is termed the 
" cochlea." The spiral canals of the cochlea, which 
municate at one end with the vestibule, are themselrefl 
filled with lymph; and the remainmg fibres of the audh 
tory nerve pass upward along its hollow axis, spreading' 
out successively in a membranous partition between thft 
two parts of the double canal. Thus, when they arrive 
at the apex of the cone, the nervous fibres have all been 
exhausted, and the distribution of the nerve is coift- 
jilete. 
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The whole of this part of the auditory apparatus, 
OOnBiBting of the labyrinth, the membranous hag which 
;it contains, with the auditory nerve and its distribu- 
tion, being all contained within the bony floor of the 
akull, is called the Internal ear. 

195. Pnnction of the Auditory Nerve.— The auditory 
nerve, like the optic, is a nerve of special sense. It can 
communicate the impression of sonorous vibrations, 
but it is not endowed, so far as we know, with any 
other kind of sensibility. 

196. The Tympanum of the Ear.— The internal ear 
communicates with t!io extenial atmosphere by a com- 
plicated apparatus of movable bones and membranes. 

In the outer part of the bony wall of the vestibule is 
a little oval -shaped perforation, not more than one 
eighth of an inch long and one sixteenth of an inch 
wide. This perforation in the bone, which is called tha 
oval " fenestra" or window, is closed by a thin fibrous 
membrane, which prevents the fluid of the vestibule 
from escaping. The name given to this opening is a 
very appropriate one ; for the perforation in the bono 
is really a kind of window, and the fibrous membrane 
is the sash which closes it. As the light comes into a 
room through the glass pane of a window, bo aounda 
enter the vestibule through the membrane of the oval 
.fenestra. 

Immediately outside the wall of the vestibule, but 
Btill within the substance of the petrous bone, ia an ir- 
regularly shaped cavity, much more spacious than the 
vestibule itself. At rather less than a quarter of an 
inch distance from the membrane of the oval fenestra, 

I the mouth of this cavity is closed by another mem- 
brane stretched tightly aci-oBs its diameter, and at- 
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tacLed, all around, to the edges of its bony walls. Tliis 
outer membrane ia called the " Membrane of the Tym- 
panum," and the cavity which it incloaeB is called the 
"Tympanum," or Drum of the ear. 

Tills name ia also well chosen ; for the exterior of 
the membrane of the tympanum is in contact with llic 
atmosphere, and the sonorous vibrations of the air beat 
upon it, liio the sticks upon the head of a drum. 

197. Chain of Bones. — But the sounds are transmit- 
ted from the membrane of the tympanum to the mem- 
brane of tlie oval fenestra by a curious chain of botes 
stretched from one to the other. These bones are throe 
in number, and are named, from striking resemblaDCM 
in their foi-m, respectively the " mallet," the " anvil," 
and the " atirnip." The mallet is attached to the mem- 
brane of the tympanum, the anvil is articulated with it 
by a movable joint, and the stirrup is also articulated 
with the anvil by its point or narrow end, while by iWr 
oval base or foot-piece it is attached to the meinbrand 
of the oval fenestra (Fig. 64). 

It ia easy to see, therefore, how the vibrations of tl 
atmosphere, striking npon the membrane of the tyn*^ 
panum, will be transmitted by the chain of bonea M 
the membrane of the oval fenestra, and thus reach tli8 
fluid of the labyrinth, to be finally received by the ei> 
pansions of the auditory nerve. 

108. Eustachian Tube, and its Function. — Like other 
drums, the cavity of the tympanum is itself filled witfc 
air, and, like them, it also communicates with the exttf 
rior by a side opening. This is very essential ; for,! 
order that a membrane may vibrate freely, the pressnn 
of the air must be equal on both sides. Now the i 
nre of the external atmosphere, as we know from t 
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changes of the barometer, varies from time to time ; and 

accordingly it would be sometimea greater and some- 

s than that of the same air confined in a cloeed 

I cavity. The vibrating power of the membrane would 

I therefore be diminished, and it would be less capable 

f of producing and conducting sound. For this reason a 

small opening Is always made in the eide of a drum, 

and through this opening the air inside and that out- 

I side are constantly mingled, and maiutained at the 
game degree of pressure. 
There is such an opening in the drum of the ear. 
From the fore part of the tympanum a narrow canal 
pasEGB downward and forward, and, after continuing its 
oourse in this direction for about an inch and a half^ it 
opens by a rounded orifice at the side and upper part 
of the pharynx. This canal is called the Eustachian 
tu&c, from the name of the anatomist who first described 
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it. By holding the mouth and nose, and forcibly preeti- 
ing the air out of the lunge, we can I'eel it pasaiug 
through the Eustachian tube, and finally penetratmg 
into the cavity of the tympanum, which becomes dis- 
tended under the increased pressure. The tympanum, 
however, soon rehoves itself after the pressure is taken 
otF, the air escaping again through the same passage by 
which it entered. 

If the Eustachian tube be obstructed by inflamma- 
tion or swelling of its lining membrane, the hearing 
Boon becomes impaired, from the imperfect vibration of 
the membrane of the tympanum. It is on tliia account 
that a common cold in the head is often accoinpaDied 
by partial deafness, 

199. Variations is Tension of the Membrajie of the Tym- 
panum.— Lite the head of a drum, the membrane of tlie 
tympanum may be relaxed or tightened. Tliia is dona 
by the action of three small muaoles which arise from 
the bony parts in the neighborhood, and are inserted 
into the little bonea called the " mallet" and the " stii* 
rup." By their alternate contraction and relaxatioa 
they draw these bonea backward and forward, and so 
increase or diminish the tension of the membrane. 

200. External Ear and Anditory Meatus, — The mem- 
brane of the tympanum, as we have already seen, is in 
contact with the external atmosphere; but it is sitaated 
at the bottom of a deep passage or canal, about one inch 
in length, which penetrates the side of the liead &om 
without inward. This canal is the External auditory 
meatus. It is lined with a continuation of the skin, 
which is, however, very thin and delicate near its hotr 
torn. It is defended from the intrusion of insects anl 
other foreign bodies by numerous fine hairs growut^ 
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[ from its surface, and by an adhesive and resinonB-like 
Becretion, termed the "ear-wax." 

At the outer orifice of the auditory meatus is the 
I Msiemal ear (Fig. 65). Thia is aa irregular trumpet- 




shaped expansion of cartilage, covered with ekin, and 
folded in various ways ao as to mate a receptacle for 
the sounds approaching the ear, whicli it conducts to- 

Iward the opening of the auditory meatus. Its outer 
edge ia folded inward round nearly the whole of ita 
■circumference, thus forming a curved border, which is 
«alled the " helix. ^' Inside and in front of this is an- 
other curved ridge, double at its upper end, but termi- 
nating in a single extremity below, called the "anti- 
lelix." About the middle of the front of the car is a 
Bhort ridge-like elevation, called the " tragus," and be- 
hind and below it another, somewhat similar, the" anti- 
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tragus." In front of the curved edge of the aoti-heiis, 
and occupying the middle portion of the ear, is a deep, 
cup-shaped cavity, termed the " concha." At its hot- 
tom is the mouth of the auditoiy meatas, nearly con- 
cealed behind the eminence of the tragus. 

The external ear, which ia loosely connected with the 
bones, has several muscles attached to it, so arranged 
aa to move it upward, forward, and backward. In the 
human apecies these muscles are nearly inactive, and it 
is only very seldom that we meet with persons who are 
capable of moving the ears. But in many of the lower 
animals, such as the dog, horse, deer, rabbit, etc, the 
muscles of the ear are very active, and its movements 
consequently are rapid and various. The external or- 
gan ia also larger and more spreading in these animals, 
forming a kind of natural ear-trumpet, which they turn 
in various directions, to catch the faintest indicatioua 
of sound from a distance, 

201. Appreoiation of the Direction of Sounds. — It is not 
so easy to distinguish the direction of sound as that of 
light. Indeed, whenever we see the light at all, wc 
necessarily see the direction from which it comea. Bat 
it is not BO with sounds. We may hear a Bonnd pe^ 
fectly well, and yet be quite unable to tell from what 
point it i-eaches us; as when we Jiear the chij-ping of a 
cricket in a closed room, or the sound of a bell in a 
thick fog. Usually, however, we can judge of the di- 
rection of sounds, by noticing in which ear it ia most 
acutely perceived, and in what way it is reflected by 
surrounding objects. 

202. Effect of Contrast in Sounda.— The hearing, Ijie 
the sight, is more excited by the Oontrasl of imprea- 
sions than by the impressions thomaelvcs. A oontinn- 
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ous and uniform sound, like the steady rumbling of car- 
riages, or the monotonous hissiug of boiling water, 
after a time passes unobserved; but when the sound 
ceases, oar attention is excited, and we then notice the 
silence which follows, 

203. Persistence of Sonorous Impressions — MuBieal 
Notes. — As in the case of the sight, also, an impression 
upon the ear remains for a very short time after it is 
produced. This interval has even been measured for 
tlie sense of hearing ; for it is known that if the same 
vibration be repeated more rapidly than sixteen times 
in a second, it ceases to be a succession of distinct im- 
pulses, and becomes a continuous humming sound, or a 

. tiiuaiccU note. If it be still more rapidly repeated, the 

is higher in pitch, and so on. Thus a low note is 

j one in which the vibrations are comparatively slow ; a 

high note is one in wliich the vibrations are rapid. 

Accordingly, there are limits in each direction to the 

' pitch of the high or low notes which are audible to us, 

[ If the vibrations be excessively rapid, the tympanum 

I can not transmit them, and the sound becomes too fine 

to be perceived ; if they be slower than sixteen times 

1 second, we then hear the distinct impulses, but no 

continuous musical note. 

By the sense of hearing, therefore, we appreciate the 
tone, the force, the pitch, and the direction of sonorous 
vibrations. By means of the articulate words and ex- 
pressions of human language, we also acquire ideas and 
information which are but little inferior in value to 
those obtained through the sense of sight. 

204. The Sense of Bmell— Ol&ctory Nerves.— By the 

of smell we receive impressions from substanoes 

1 condition of gas or vapor. These vapors rise 
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from tlie bodies wliicli produce them, and are difTufeil 
through the atmosphere. They then penetrate into 
the passages of the nostriU, and come in contact witb 
their lining membrane, thug giving us the sensation of 
smells or Odors. 

'IDie special nerves of the sense of smell are the Olfac- 
tory nerves. They originate on each aide from the front 
part of the base of the brain, and then, running straight 
forward, enlarge into two oval masses, containing gray 
matter, and sitoated nearly side by side, just behind 
the middle of the base of the forehead, and immediately 
above the cavities of the nose. That part of the floor 
of the skull upon which these oval masses rest 18 in tho 
form of a thin plate, and is so perforated with a multi- 
tude of little openings that it has received the name of 
the " cribriform" or " sieve-like" plate. Throngh tliesc 
openings an ahundance of fine nervous branches pass 
downward, and, after dividing and reuniting with eaoh 
other in various directions, are distributed to the lining 
membrane of the upper part of the nasal passages (Fig. 



205. The Nasal Passages. — The nasa! passages are two 
high and narrow canals, which extend from the open- 
ings of the nostrils in ftwnt to the top of the pharynx 
behind. Through them the air passes to the lungH in 
respiration ■when the mouth is closed. They are sepa- 
rated from eacli other by a thin upright partition, which 
ia situated exactly in the middle line. This partition 
ia composedpartlyof bone_ and partly of cartilage. Itg 
front part, which is of cartilage, may be felt between 
the two nostrils at their entrance. 

The inner wall of each nasal passage, which is formed 
liy the partition jnst described, is smooth and upriclii. 
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But its outer wall is matle very uneven by three curi- 
ously rolled or twisted plates of bone, called, from their 
form, the Turbinated Bones, which project from it into 
the passage. These bones are placed one above an- 
other like flo many shGlvoa, and are therefore called 
" lower," " middle," and " upper" turbinated bones. 
They are all covered with the lining membrane of the 
nose, which follows eveiy where their windings and in- 
equalities, 80 that its surface is considerably increased 
in extent. 
206. Different kinds of Sensibility in the Nasal Paa- 
ges, — Now the ramifications of the olfactory nerve 
e distributed to the lining membrane of tlie upper 
id middle turbinated bones. It is hero, accordingly, 
that the sense of smell is located. Whenever an odor- 
iferous vapor passes through the nose with the atmos- 
phere, a portion of it rises to the upper part of the 
nasal passages, ^nd, coming in contact with this por- 
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tion of the lining membrane, gives us the Bensation of 
its peculiar odor. 

The lower part of the nasal passages, on the contra- 
il, have no sense of smell, hut are supplied with other 
nervous fibres. A small branch of the fifth pair of 
nerves (Fig. 66 [2]) penetrates the side of the nostril 
high up, and then, running in a cui-ved direction for- 
ward, downward, and backward, ia distribnted to the 
lining membrane of the lower turbinated bone and the 
adjacent parts. By this nerve the lower portions of 
the lining membrane are provided with ordinary sen- 
sibility. They can feel the contact of solid bodies, or 
of sharp and irritating vapors. 

Thus the paaaagea of the nose are endowed, in their 
different parts, with two different kinds of BensiMIity. 
In their npper portions, by means of the olfactory 
nen-es, they are provided with the special sensibility 
of smell, by which we perceive sweet and sour odors, 
and all the different varieties oi perfume, which are so 
easily recognized, but which have received no definite 
name. In their lower portions, by means of the nasal 
branch of the fifth pair, they possess the power of ordi- 
nary sensibility, by which we perceive the contact of 
sharp a.ni pungent vapors, such aa that of hartshorn or 
mustard. These pungent vapors are quite different in 
their nature from those which have an odoriferous 
qnality. For the true odors, such as those of different 
flowers and the like, can only be perceived by the nose. 
But the pungent vapors are also irritating to other lin- 
ing membranes, snch as those of the eyes and month, 
and even to the skin, if kept in contact with it long 
enough ; only the lining membi-one of the nose is more 
sensitive to them than the rest. 
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Yery often a real odor and a pungent vapor are ex- 
haled together from the aaino substance ; as, for exam- 
ple, from muBtard, from vbegar, or from Cologne water. 
But, in these cases, the odoriferous quality is always 
perceived by the upper part of the nasal jias sages, and 
I the pungent or irritating quality hy their lower part. 

207. Bympathetic Nerves in the Haaal PaaaagOB. — Tho 
I organ of smell is also supplied with nerves belonging 
1 to the sympathetic system. Immediately behind the 
I posterior boundary of the nasal passages, and beneath 
1 the floor of the skull, is a small swelling of gray nerv- 
ous matter, called, from the name of its discoverer, the 
OanijUon of MecM (Fig. 66 [3]). This ganglion is 
connected by slender filaments with the sympathetic 
plexus of the great blood-vessels of the head, and also 
with branches of the sensitive and motor cranial nerves. 
Ita fibres are sent to the lining membrane of the nose, 
and also to the small muscles which lift the hanging 
palate, and thus guard the posterior opening of the na- 
Bal passages. 

208. ITsefiiluesB of the Sense of Smell. — The sense of 
I smell is one of those which arc possessed in much great- 

r perfection by some of the lower animals than hy 
I man. In the dog, the horse, the sheep, the doer, and 
I many otliers, the nasal passages are much higher and 
deeper, the turbinated hones more extensively convo- 
luted, and the olfactory nerves themselves much larger 
L and more sensitive. These animals can therefore dis- 
tinguish odors which are entirely imperceptible to us. 
They can perceive the odors of other animals while at 
a distance and out of sight. The dog can even distin- 
guish between the odors of different persons, and will 
I follow the track of his master through a crowd of other 
P2 
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pftsaere-by. Some auimals, when irritated, give out 
fltroug and offensive odors, which excite the fear or dis- 
gUBt of their enemies, and accordingly serve them as 
means of defense. Many vapors which are dangerous 
to the health of the human species, and most kinds of 
|iiitrcHcent and unwholesome food, are also accompanied 
Ijy a disagreeahle odor, which leads us to avoid theiii, 
and thus to escape their iujurlona effects. 

200. The Sense of Taste— Gustatory Nerve. — The sen- 
eibility to taste is located in the tongne. As we have 
already saiJ, this is a muscular organ, covered, upon Its 
upper surface, its edges, and part of its under snr&cc, 
with a lining membrane. Over the whole middle and 
front part of the tongue this membrane is supplied with 
Bensibility by a braneli of the fifth pair of nerves ; and, 
as this branch ia that by which the corresponding por- 
tions of the tongue exercififi the seiiae of taste, it has re- 
ceived the name of tlie Gvstaiory nerve. 

210. Distributioii of tbe Onstator; Nerve upon the 
Tongue. — On the under surface of the tongue its liuing 
membrane is thin and smooth, and allows the blood- 
vessels to be easily seen through its transparent sub- 
stance. But upon the upper surface of the organ tliU 
membrane is thickly set with a multitude of fine, thread- 
like promiuencee, something like the villi of the aliment- 
ary canal, which give it an opaque and velvety appear- 
ance. These prominences are termed the Pap^tB of 
the tongue. As the gustatory nerve branches and sab- 
divides in the substance of the lining membrane, it 
sends minute ramifications into the papillce, which pen- 
etrate them from below upward, and terminate near 
their free extremities (Fig. 07). Thus the upper Bar- 
face of the tongue is covered with a minute distribu- 
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ofOrtli pair, or gutilator; DBrvC; 2. Qloeso-pharyngeAl lltiko- 

tion of nervous filaments, through which it receives the 
imprcBBions of taste, 

211. Heqniflite ConditioaB for the Sense of Taste. — The 
sense of taste differs from the other special senses, in 
the first place, because it requires the actual contact of 
the substance to be tasted with the lining raerabrane 
of the organ. We can not perceive tastca as we can 
odors and souiidB from a distance. The substance must 
be introdnced into the mouth, and placed upon the sur- 
face of the tongue, before we can distinguish its flavor. 
Beside this, it must also be in the fluid form, or be al- 
'ready in solution in some other liquid. A substaucc 
which is hard and insoluble has no taste. If we place 
upon the tongue a piece of dry salt or sugar, we do not 
.perceive its flavor until a part of it has been dissolved 
in the fluids of the mouth. Then these fluids ai-e ab- 
sorbed by the papillie of the tongue, and thus, coming 
in contact with their nervous filaments, communicate 
to us the sensation of taste. 

It is on this account that the sense of tasto is so much 
facilitated by the movemerils of the tongue ui mastica- 
tion and swallowing. For these movements, by liasteti- 
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iiig the Bolntion of solid eobstances, and by constantly 
bringing frcBh portions of the fluid into contact witii 
the tongae, favor the abBorption of the liquids, and en- 
able them to penetrate the papiUie in greater quantity. 
Food, therefore, which has been hastily masticated, is 
imperfectly tasted; and in this way injuriona snb- 
stances m»y pass into- the stomach nnnoticod, which 
fhould have been detectird and stopped in mastication. 

2:2. Daes of the Bense of Taste.— The sense of taste, 
accordingly, as well as that of smell, is a naeans of dis- 
tinguishing between proper and unwliolcsome articles 
of food. Some substances, when taken into the month, 
are found to be "repulsive, and are therefore rejected. 
In many of the lower animals, however, this office is 
performed exclusively by the sense of smell The dog, 
for example, very seldom tastes any thing before eating 
it. He touches it with the point of his nose, and then 
either swallows it with avidity or refiiacs it altogether. 
It is because in him the sense of smell is more delicate 
than that of taste, while in man the sense of taste is 
more delicate than that of smell. 

The sense of taste is also useful in exciting the flow 
of the saliva and other secretions, by which the food is 
prepared for the digestive process. Substances which 
are destitute of flavor oflFer no stimulus to the salivary 
glands or to the mnacles of mastication, and this process 
is thei-efore either neglected or slowly and laboriously 
performed. But substances which have a healthy and 
agreeable taste excite the natural actions of secretion 
and mastication, so that the movements go on almost 
involuntarily, and the food receives its due preparation 
in the mouth. 

213. Ttie Sense of Taste associated with the Sense of 
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Touch. — Another peculiarity of this sense is that tho 

special nerve of taste is also a nerve of ordinary sensi- 

bility. We have already seen that the same parts of 

the tongue which poHBcsB the sense of taste have also 

the sense of touch developed to a remarkable degree ; 

and these two properties are both supplied by the 

branch of the fifth pair which is distributed to this 

organ. In the nasal passages, the special sense of smell 

I and the power of ordinary sensibility reside in different 

I portions of the lining membrane ; but in the tongue, 

I the special sense of taste and ordinary sensibility are 

exercised by the same parts, and reside in the filaments 

I of the same nerve. 

Accordingly, two kinds of qualities are distinguished 
by this organ in different substances. The firat are the 
I qualities ai taste proper, which we call " sweet," " sour," 
' salt," " bitter," and the like ; these are perceived by 
1 the special sensibility of the gustatory nerve, and belong 
only to the tongue. The second are the qualities which 
depend upon the consistency, mildness, or pungency of 
the substance, such as a " watery," " viscid," " oily," 
" sharp," or "burning" taste. These are perceived by 
the ordinary sensibility of the tongue, and may also bo 
distinguished, though in a less degree, by the surface 
of the skin or by the other lining membranes. 

TJiere are certain subatancea which have at the same 
time a well-marked and usually agreeable taste and a 
penetrating, fragrant odor; such as coffee, peppermint, 

I ginger, and the spices generally. These are called Aro- 
matic substances. Many of them have also more or less 
pungency mingled with their other (|ualitics. They are 
employed either alone or for the purpose of flavoring 
other articles of food. 
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214. Poaterior Portion of the Tongue. — That part of 
the tongne which is situated far back in tlie mouth is 
smoother than the rest, and is provided with mncons 
follicles instead of papillae. This portion of the organ 
is also supplied with a different nerve, which, from its 
being distributed partly to the toDgue and partly to the 
pharyns, is called the Glosso-pkaryngeal nerve (Fig. 87 
[2]), Thia nerve also posseases the sensibility of tast«, 
which is developed to a perceptible degree, especially 
for aromatic substances, in the back part of the tongue 
and the surrounding portions of the throat. The sen- 
Bstlons of taste, however, are not especially excited in 
these situations until jnst at the moment of swallowing. 
At that time the food, carried back by the tongue, comes 
in contact with the lining membrane of these parts, and, 
being also compresBed by the action of the mnecle^ 
calls into activity the sensibility of the gloBso-pharjm- 
geal nerve. Once past this situation, however, it is be- 
yond the region of the special sense, and in the cesopha- 
gua and the stomach its taste is no longer perceived. 



QUESTIONS FOE CHAPTER XVn. 
. WIiiLt are meant bj the special smaea T 
'. Wliat is the pecnliaritj of a nsroe of ejicdal tenity 
'. What is the Btiactare o{ an organ of special lenief 
. What IB the Bpeciai nervo of the sense nfaigit f 
. From vtiHt ganglia do the optic nerves orig^ate ? 
. What is tbe course and terminatian of the optic Berves? 
. What 13 the deoisiation 0/ the optic servee r 
. How are the two optic tubercles connected with eacli other? 
, How are the two eyobiUla mnneeieil with each other ? 

0. Arc the ejes to be regarded as two distinct orgaoa ot aa tm 
hie organ ? 

1 . How do llie optic norvea terminate in the interior of tiic ere 
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12. Wliut 13 tli6 proparty or function oFthe optic nervea? 

13. What is the effect of injury or division of the optic neirss ? 

14. What reflex action talies place throagh llie optic tuherclea ? 
16. What do yon mean by the sensibiHti/ of l/te pupil T 

16. Is this sensibility necessarily ac<:ompanieJ by conscionsness F 

17. What is the special ort/aa of sight ? 

1 8. In what cavity is the eyeball situated ? 

19. Whal is the tbnn of the eyeball ? 

20. What is the sclerotic coal of the eycliall ? Wliat is its struct- 
ure and consistency? 

21. What is the cornea, and where is it sitnatad ? 

22. fioir does the cornea differ from the sclerotic ? 

28. Through what part does the light enter the cai-ity of the eye- 
ball? 

24. What is the choroid eoal of the eye ? What is its color and con- 
Bisiency ? 

25. What is the nse of the choroid coat ? 

2G. What is the sitaBtion and BtmcCure of the retina t 

27. What is the function of the retina ? 

28. Does tha retioa possess ordinary sensibility ? 

29. To what bind of impressions is it sensitive? 

So. What is Che effect of injuiy or disease of the retina? 

81. What is theuifreoHs bodij of the eye, and wliy bo called? 

32, What is its use? . 

33. What is the situation and form of the crystaliine Icni f 
3-1. How is the tens hold in its placed 

35. What is the nee of the crystalline lens ? 

S6. What is the/cx^s of a Ions? 

87. Where is the (bcus of the ciystalline lens in the eye f 

86. What is the frii r and why so colled ? 

89, What is lhe/™piVf 

10, Of what tissue is the iris composed ? 

41. What two sets of muscoJur fibres does it contain ? 

42. What is the action of the direi-ging libres ? 

43. What is the action of the circular librea? 

44. What are the movements ofthepapilon passing from ihedurk 
into thelig^t? from the light iuto the dark? 

45. What gangUon and nerves of the tympatheljc system take part 
in the rcffax movements of the pupil ? 

4Q. What is the situation of the opMialmk ynngllon f 
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47. What is the courae ani! termination of the ciliary uerra r 

48. What is the aquems kmiior of the eye ? 
43. ynaii \i\hi field efeisiont 

50, In what part of the field of vieioD can objects be seen lyiscinti/y ■ 

51, What is the /ineo/<ii«/i«f( cislont 

C3, Why are objects outside thin line se«n imiistiDCttj' ? 

r>3. now do we compensate for this in nsing the ejes ? 

54. Whj can an object l>e seen diatinutly with both ejes onl; ai » 
certain dbtAnce ? 

65. Why do objects appear single, though mod with two oyos ? 

61!, Hon van we see na abject indistinctly, aud, at the game lim^, 
double? 

fiT. Can wc sue all parts of a landscape diatlactly at the some time, 
and why ? 

rS. Eiow do we jadge of the f/ufRRRe ofTariona objecta? 

69. Uowis the uppearance of KotUiUg or projection produced in vis- 
ion with two eyes ? 

60, Cao a ungle flat picture ever represent a solid object so as lu 
deceive the eye, and why ? 

lil. What is a strreoacope, and bow does it produce the oiipenmnw 
of solidity 7 

CS. What is the elfect of contrast on visual impressions ? 

G3. What colors make the 9tronge<it contrast 1 

64. How can one color appear diiforent by contrflat vrilh anolber? 

f.r>. What is the offfect of mixing two different colors? blue nnd yel- 
low? yellow and red? rod and bine? black and white? 

IVi. Do the impressions of sight disappear inunediately, or remain 
fur a short time ? Give on instance. 

07. What is the tkaamrttrope, and how is its effect produced ? 

HH. ITow may the impressions of siglil be prodnced withoat nabla 
objects ? 

(ii». How are the movernenti of the cyetwill provided fnr? 

70. What are the Jirecdon and allachmonts of the eiraight mtuicti 
o/Ihe (yeW/r What is their action ? 

7 1 . What are the direction and altachmenta of the '//i/jt-r ohliiju, 
laaKkoftkeeyth-tUT 

Ti. Why is it called the trochlmrix mnsolc? 

7.1. What are the direction and attachments of the lower ohlimu 
masrle of the eyshnUr 

7 1. What is the action of the two oblique muscles of the ey«bnd p 



75. What are the two uses of the movements of the ejebflll ? 

76. How is tho eyeball protected from external injury ? 

77. WhatiBthsBtnictareofthee^e/uii/ 

78. Which is the larger and more movable of the two 7 

79. How is it rai^ and lawsred iu front of the eye? 

80. What is the coBjuncdoa f 

81. How is the conjnnctiva kept moist and tninspareat ? 

83. In what gland are the tears produced, and where ia it situ- 
[ ated? 

SS. Where do the dncte of tfie lacBiTnial gknil open upon the con- 
juDctlva ? 

84. How are the tears spread over the snrfiice of the cenjunctivu 'i 
8r>. By what muscle is the act of winking performed? 

86. What is the use of the act of winking, and how would the ejo 
■ufler if it were not performed ? 

87. Is the act of winking voluntary or involontitry ? 
9B. Wliy does it usually pass unnoticed? 

89. How are the teara prevented &om running over the edges of 
the eyelids ? 

90. By what gUtnda ia the Bebaceons eecretion of the oyslida pro- 
daced 7 

91. How is the act of weeping produced ? 

02. How are the tears conveyed away from the smfoce of the eye- 
ball, and where are thsiy finally discharged? 

98. What are the eydashes, and what is their use ? 
9i. Is the conjunctiva senridve or insensible ? 

95. How does its sensibility serve to protect the eye from injury? 

96. How may the sight be injnred by excessive use? by too bril- 
liant light? by continued examination of small objects? 

97. By reading with insnfficiem light? 

98. What is the best kind of Ught for reading or studying 7 

99. What is the worst ? 

100. How is sounrf produced? 

101. How is the vibration of the atmosphere necessary lo our hear- 
ing sonnds ? 

102. What is the definition of the sense of hearing? 
108. What is theapecin^n^TDeof the senseof hearing? 
101. What is the origin and course of the andiiory nerve? 

105. What is the situation of thepc(roM» bone, and why so called? 
10(1. Wliat is the lihi/riath, and why so called? 
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107. What is the shape mid name of the first portion of ilic bhj- 
rinth? 

108. Wliat ore ilie naninrcalar cmalH, and bow do thejr difler fnm 
c«ch other io their position 1 

100. What is contained in the cavitieg of the vestibule and the eeini- 
circnlAT canals? 

110. Upon what are the fibres of the auditory nerre distribureil Id 
the vestibule and semicircalnr canals ? 

e of the remniaing portion of the labytinlh, 
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112. Upon what are the fibres of the andilory nerve distriliuteJ in 
the cochlea? 

113. What parts areincladed in the infernni ear? 

114. Whet kind of Beusihilitj resides in the auditory nerve ? ' 

1 1 5. What ia the opening colled the oral fenestra, and where i« >l 
Hitunted ? 

I !G. By wliat ia the oval fenestrit clraed? 

11T. What ia thauseoftheovalfenestra? 

1 1 S. Where is the cavity of the Igmpanum or drum of the car ? 

Hi), Whot is the mem&rone o/' (As (ym/ianmn f 

120. How are Bounds transniitled frotn the tyniponnm to the oval 
fenestra ? 

121. Wliat are the three bones of the chain, and why so celled? 

122. Which of them 19 attached to the membrane of the lympannm, 
and which to the membrane of the oval fenestra ? 

128. What is contained in the cavity of the ^mpanum bedde the 
chain of bones ? 

124. Why must a drum always conunnnicate with the extemal at- 
mosphere ? 

1 25. By what opening doea the tympanum of the ear cotumiinicUa 
with the exterior, and where is it aitnated? 

13li, What elfoctis produced by obstruction of theEuslachian tube? 

1 27. How ia the memhraue of the tympanum relaxed and tight- 

128. VfhBliHheextrr«aIaiiditory mmtusf 

129. now is it defended from the entrance of fbrdgn bodiest 

130. What ifl the general form and structnre of the externa! ear t 

131. What ia its function? 

133, What is the hdUT the anli-hdliT the Irogiut the anti-lm- 
•iw f the ronelia T 
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133. In wiiich or the lower oninwla are the ewflrnal ears vwnalittf 

134. Wliat is the use of these movements ? 

136. How do wejudgeof the direction oi maD&&? 

136. How is the sense of hearing affected by contrast of Bounds ? 

137. What is the effect of the Bume sound long contiDuod? 

138. Are the impressions of Bonnil immediately evanescent, or do 
I -fliej remain for a certain period? 

139. How is BMuncafnofe produced? 

140. What must he the frequencj of the vibrationa in order to pro- 
I dnce a continuous note ? 

141. What is the difference in the mpidilj of the vibrnliiinB be- 
I tween a high and a low note ? 

142. What do we learn bj the sense of hearing? 

143. What kind of impressions are perceived by the ^rajeu/nweff? 

144. What are the ii7i«Mfnert.'u of the sense of smell? 

Uri. What is the origin, course, and distribution of the ol&ctory 
nerves? 
140, What is the form and direction of the nasal passages f 

147. With what do thej commnnicate behind? 

148. How are thoj separated from each other? 

141f. Wlmt are the furiinateJ^neK, and why so called? 

150. How many turbinated bones ore there in each nasal passage, 
\< and how are they distinguiahed from each other ? 

151. With what are tite turbinated bones covered? 

162, Upon what part ore the ol&ctory nerves distributed ? 

153. In what part of the nasal passages does the sense of smell re- 
I tide, and in what part the sense of touch T 

Xai. What sensitive nerve is distributed to tlie lower part of tho 
I'Sssal passages f 

155. What is the difference between udort and prniyfoit vapors t 

15G. Name examples of each. 

1G7. What ganglion of the sympathetic system is connected with 
Ltbe organ of smell? 

158. Where is the ganglion of Meckel aiiiiated? With what other 
nerves is it connected, and where are its nerves distributed ? 

1/>!I. In what animals is the sense of smell more acute than in man, 
I and why? 

IGO. How does the sense of smell serve as a protection — in atii- 
nalsFinmanF 

111. What n the organ if la aUt 
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162. What is the principal nerve of the sense of taste? 

163. To what part of the tongae is the gostatoiy nerve distributed? 

164. What are ihepapillcB of the tongae, and where sitoated? 

165. What are contained in the papilln of the tongae ? 

166. What two conditions are essential to the sense of taste? 

167. How do the movements of the tongae assist in the sense of 
taste? 

168. What is the ose of the sense of taste ? 

169. What is the comparative delicacy of taste and smeD — in the 
lower animals ? in man ? 

170. How does tte sense of taste assist mastication and digestion? 

171. What other sensibility resides in the tongae beside that of 
taste? 

172. What is the difference between the qnalities of taste, and those 
of pungency and the like ? Give examples of both. 

173. What is an aromatic sabstance ? Give examples. 

174. How does the back part of the tongue differ from the finont 
part? 

175. By what nerve is it supplied? 

176. What kind of sensibility is especially developed in the back 
part of the tongue ? 

177. At what point does the sense of taste terminate? 
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I Definition of Development. — Newly-bom Infant— ila Weight — con- 
dition of its SIceleton.— Ossification of the Skelewn. — -Spinal Col- 
nmn,— SknlL — Foniandles. — Pelris.— Long Bones. — RospiratiDn 
of the Infant — its Digeslioa and Nntrition — its Nervons Sys- 
tem. — Keflex Actions. — Fonnation of the Teeth. — First Set. — 
Childliood. — MnBCukc Sjstem of tlie Child, — Nervons and Mental 
Functions.— PrepoDderance of the Inatincta. — Fonnation of new 
Set of Toeth.— Yoittli. — Continued OnsiHcation of the Skeleton. — 
Union of the Bonee. — Completion of Development. 

215. The ProocBB of Development.— The newly-born 
\ in^nt is in a very different coutlition from that of a 
I child or & grown-up person. It ia feeble, and entirely 
I dependent on the care of others for its existence almost, 

II day to day. Many of its organs are very imper- 
fect, and the foi-m and proportions of its whole body are 
different from those which it will afterward accjuirc. 
The growth of the infant into the child, and of the child 
into the adult, is not therefore simply an increase in 
size. It la a series of changes in the condition and Struc- 
ture of ita various parts, by which it paHsea throngh aa 
I many different stages or epochs of existence. Tjiia se- 
L lies of changes, by which the bodily frame is brought 
I at last to the adult condition, is called its Development. 

216. General Condition of the Infant at Birth. — The 
I weight of the newly-bom infant is between six and 

;n pounds. The head anrl arms arc larger, and the 
I pelvis and lower extremities smaller, iti proportion to 
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each other, than in the adult. The lega are curved in- 
ward at their lower part, so that the 8olea of the feet 
are not horizontal, but look obliquely inward toward 
each other. Even if the infant were Btroog enough, 
therefore, it could not wait, eince the feet wonld not 
rest upon the ground by their soles, bat by their outer 
edges. Both aims and legs, also, are habitually curled 
upward and forward over the chest and abdomen, and 
are not easily straightened. 

217. Condition of the Skeleton. — ^The skeleton athulh 
is Boil and yielding, being composed, to a great extent, 
of cartilage. Some of the bones have already began to 
show themselves in the interior of these cartilages ; but 
they are nearly all small and delicate, and many of them 
arc still cartilaginona throughoaL The bony parts, 
however, continue to enlarge at the CKpense of the car- 
tilage, nntil, at the end of some years after birth, the 
whole has been converted into the tissue of bone. This 
gradual change of the parts from the cartilaginoas to 
the bony condition is called the OssifiecUion of the skel- 
eton. 

218. The Spinal Column. — At birth each bone of the 
spinal column consists of three separate pieces, viz., one 
in front of tho spinal cord, and one on each side behind 
it. Theao pieces are, of course, connected with each 
other by cartilage, and thus envelop the spinal cord 
with a scries of soft and elastic rings. 

21 9. The Bkull. — The bones of the sknll are very thin 
and flexible, and their edges are not yet united with 
each other. The stuU of the infant, therefore, ia not a 
firm and solid case, like that of the adult, bnt rather an 
elastic bag, formed of separate plates, held together by 
the skin and fibrous membranes. A remarkable pccul- 
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iarity of the skull at thia time is that there ore two opcn- 
ingB in its bony parts, one at the back and one on the 
top of the head, where the brain is only covered by the 
skin and other soft, tissues. These openings are called 
I the I^ontandlea, because we can feel the pulsations of 
I the brain through them, like the bubbling of water iu a 
fountain. 

220. Formation of the Pontaaelles. — The fontauelles 
are formed in this manner. Tlio osBiflcation of the bones 
on the sides and upper part of the skull begins by a 
rounded spot in the middle of each one. From this 
spot the ossification extends outward iu every direc- 
tion, thus gradually approaching the edges of the bone. 
When two adjacent bones meet, therefore, there will be 
a line where their edges are in contact with each other, 
but have not yet united; but when more than two 
bones meet in this way, there will be an empty space 
between them at their point of junction. Thus, if you 

I lay down three coins upon the table with their edges 
touching each other, there will be a three-aided space 
in the middle between them ; if you lay down four coins 
ID the same manner, the space between them will bo 
four-sided. Now at the back part of the head there is 
a spot where three boues come together in this way, 
leaving & small three-sided opening between them : thia 
is called the " posterior fontanelle." On the top of the 
head four bones come together, leaving between them 
^^ a large four-sided opening : this is called the " superior 
^L fontanelle." The fontanelles gradually diminish in size, 
^V owing to the growth of the bony parts around them, 
^H and are completely closed at the age of four years after 
^m birth. 
^H 221. The FelTiB and Limba. — The peh-is is also, at fii-st, 
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in great measure cartilaginous, being composed, on 
each side, of three separate pieces of bone, with layere 
of cartilage between them. These three bones of the 
pelvis meet, in a kind of triangular union, in the cavity 
of the hip-joint. 

The bones of the arms and legs, at the time of birtb, 
are only ossified in their middle portion, their two ends 
being still cartilaginous. The wrist is altogether car- 
tilaginous, and the ankle nearly so. Owing to this pre- 
ponderance of cartilage, the bones arc soft and flexible. 
It is evident, accordingly, that the skeleton of the iu- 
fant is not yet fit to sustain the weight of the body, nor 
to resist a strong muscular action. 

222. Organs of Respiration. — The function of respira- 
tion is very imperfectly performed for some time alter 
birth. The lungs do not fully expand at once, and the 
air only penetrates into all the vesicles of their deeper 
parts after an interval of several days. To compensate 
for this, however, the skin is very delicate, transparent, 
ruddy, and vascular; and respiration, no doubt, takes 
place through it as well as through the lungs. Accord- 
ingly, the infant is more sensitive to cold than an older 
person, and the warmth of the body needs to be more 
carefully preserved by soft clothing and artificial heat 

223. OrganB of Nutrition. — On the other hand, the 
functions of digestion and nutrition are exceedingly ac- 
tive. But the infant takes only one kind of food, vik., 
the milk of the mother ; and this fluid, as we have seen 
in a fonner chapter, contains all the materials necessary I 
for the nourishment of its body. This food must be | 
given in abundance, but at short intervale; for the stom- 
ach can not digest a large quantity at a time, and tbere- j 
fore requires it to be more frequently supplied. 
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224. NerVOns Syatem, — The nervous eystem of the 
I yoiiDg infant is in a peculiar condition. The epecial 
[ senses, the sight, heariag, emell, aud taste, are all impcr- 
I feet, and comparatively inactive. The consciousness 
and the will are also feeble, and the intelligence is stUl 
dormant. The involuntary and reflex actions, however, 
are highly developed. The movements of the arms and 
legs, and the various intonations of the voice, are near- 
ly all of a refles nature, mostly performed by the ac- 
tion of the spinal cord and medulla oblongata. A large 
portion of the time is spent in sleep. For it is espe- 
cially during sleep that the functions of nutrition go on 
with the greatest activity and the tissues are consol- 
idated by the assimilation of the food. The business 
of the young infant ia to feed and grow, and the ac- 
tion of his nervous system is almost entirely subservient 
to these two functions. He does not understand ai^ 
ticulate language, nor notice its sounds sufficiently to 
remember or repeat them ; and he is therefore called an 
infant, from the Latin word m/ans, which signifies " not 
I speaking." 

226. Appearanoe of the Teeth. — Within the first year 
after birth the Tetth begin to show themselves. For 
the infant, after a time, has acqnired so ranch strength, 
and the different parts of his body are so fully devel- 
oped, that he will soon need food of a more solid form 
1 and greater variety. He will then require the organs 
I of mastication, and these organs, accordingly, begin to 
! developed in advance. The incisor teeth are the 
I fii-st to emerge from the gums in the seventh and eiglith 
I months. At the end of a year there is one molar tooth 
Lon each side of each jaw, making four in all At a year 
isnd a half the four canine teeth appear; and at two 
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years of age four other molar teeth are added to the 
preceding. There are then twenty teeth in all, or ten 
in each jaw, via,, four mc'iBors, two canines, and foar 
molars. They are all small, however, and are adapted 
to the size and form of the jaws at this aga They are 
called the MUk teeth, hecause they appear while the in- 
fant is still fed principally upon milk, 

22S. Transition f^om Infancy to Cbildhood. — At the 
age of two years the inilint has so far increased in 
muscular strength, and his skeleton has become so firm, 
that be can walk without asBistance, and no longer re- 
quires the constant care and assistance of others. His 
teeth and digestive organs enable him to consume a 
variety of solid and nutritions food. His nervous sys- 
tem has also emerged from its condition of lethargy, 
and his senses are actively engrossed with surrounding 
objects. Finally, he has learned to understand and to 
speak articulate language. He ia then no longer an in- 
fant, but a child. 

227. Growth of the Mttaclea during Childhood. — The 
terra of childhood extends from the age of two years to 
that of thirteen. During this period the muscular sys- 
tem becomes actively developed; and the skeleton, 
though still imperfectly consolidated, ia sufficiently 
strong to perform its function with the light weight of 
the body at this age. The child accordingly takes the 
greatest enjoyment in the active sports, in which he 
feels the increasing vigor of his muscles, and the free- 
dom and agility of his liipbs. Nothing is more appro- 
priate or more useful at thia age; for the frame is now 
being developed, not by passive feeding and care, as was 
the case in the infant, but in great measure by the nat- 
ural and active exercise of its own powers. 
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228. Development of the Senaes. — ^TLe nervous syBtem 
acquires an eqnal development, and the mental quali- 
ties at the same time become more active. The cliild 
learns rapidly, and is interested in every thing around 
him. Bat it is principally in the cultivation of the. 
Senses that he gains information. He Icams the names 
and the forms of things, the meaning of words, and the 
employment of all the objects in common use. Thia 
knowledge is not acquired by steady menial applica^ 
ticD, which would be injurious to him at thia age, but 
by the exercise of the senses, which are now, for the 
first time, endowed with their full vigor and sensibility. 

229. Activity of the Instincts. — The nervous system 
of the cliild is also distinguished by the active prepon- 
derance of the I}Uitinets and the Impylaea. It is by 
these that his actions arc guided ; and therefore, though 
his movemeots and acts are all voluntary in their na- 
ture, they do not, for the most part, depend upon the 
reasoning faculties, which ai-o still imperfectly devel- 
oped. Accordingly, the child is to be governed princi- 
pally through hia instincts and feelings, which should 
be guided in a healthy and nattHfel direction. Tlie do- 
minion of reason comes at a later period, when the en- 
tire development of the nervous system is complete, 

230. Change of Dentition.— During the period of child- 
hood a remarkable change takes place in the organs of 
mastication. It consists in the entire removal of the 
fii-st set of teeth, and the appearance ofa second or per- 
manent set, which take their phices. Thia change is ef- 
fected in the following manner. 

At the time of hirlh, although no teeth are to be seen, 
there is still a complete set already existing in the jaw. 
These teeth, however, are not yet ossified, but consiat 
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each of a soft vascular pronuncQco, or papilla, called 
iho pulp oflhe tooth, which is inclosed in a little sac or 
follicle, and buried deeply in the eubetance of the jaw. 
The upper surface of the pulp is covered with a very 
thin layer or cruat of calcareous tissne,which is the com- 
mcDcement of the hard substance of the future tooth. 
As the pulp of each tooth increases in size, more and 
more of it becomes ossified, until at last it is ready to 
emerge from the gum. The teeth then make their ap- 
pearance in the order which we have described above, 
thus completing the first set at the end of two years. 

But, at the same time, there is another set of similar 
follicles and tooth-pulps, formed deep in the substance 
of the jaw, behind those of the first set. These tooth- 
pulps, however, are very small, and remain dormant, or 
grow very slowly during the first years of childhood. 
But about the sixth year they begin to grow mors rap- 
idly. Their ossification also goes on with a correapond- 
iug activity, and they then begin to push their way to- 
ward the surface of the gnm. They thns press upon 
the others, which yield before them, grow loose, and 
are finally detached.*' The first set are thus thrown 
ofi'from their attachments to the jaw, and disappear. 
This process is called the Shedding of the miik teeth. 

As the milk teeth arc thus removed, they are replaced 
by the new teeth of the second set, which soon after^ 
ward emerge behind them. The teeth of the second 
set,bowever, are different from those ofthe first. They 
are harder in texture, and some of them are of larger 
size. They are also more numerous ; for, instead of 
the twenty teeth which composed the first set, there 
are now thirty-two. This is because there are at thia 
time three new permanent molars added on each side 
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of ciich jaw. The jaw itself also increases in size, to 
accommodate the larger nnmber of teeth which it con- 
tams. 

The shedding of the milk teeth begins about the age 
of seven years. During the seventh and eighth years 
the incisor teeth are changed, and replaced by those of 
the permanent set. In the ninth and tenth years the 
two molar milk teeth are thrown off, and replaced in a 
Bimilar way by the two anterior permanent molars ; and 
in the twelfth year the canine teeth are changed. The 
first of the three posterior molar teeth has already made 
its appearance; and in the thirteenth year the second 
emerges from the jaw. There remains only one, viz., 
the third posterior molar, or the last tooth in the back 
part of the jaw on ea«h side, These teeth only appear 
from the seventeenth to the twenty-first year, and are 
tlierefore known by the name of the " wisdom teeth." 
They complete the development of the masticatory ap- 
paratus. 

With the exception, therefore, of the third posterior 
molar or " wisdom" toOth, the entire change from the 
first to the permanent set is accomplished during the 
period of childhood, 

231. Tranaition from Childhood to Youth,— To the pe- 
riod of childhood succeeds that of Youth. During this 
epoch the consolidation of the skeleton goes on, and is 
particularly distinguished by the union of the different 
parts of the bones with each other. Thus the three 
bones of the pelvis on each side become united into one 
from the thirteenth to the fifteenth year ; and the con- 
solidation of the ends of the long bones of the arms and 
legs with their middle portions is effected generally 
from the fifteenth to the twentieth year. At the same 
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time, these bones aaBuroe the form and dimeuaiona whicli 
are characteriBtic of the adult, and the posture and 
movementB acquire more fiminceB and solidity. The 
general development of the akolcton and limbs may be 
eaid to he terminated at the age of twenty years, 

232. Completion of the Process of Development. — Dm^ 
ing the period of youth the nervouB system becomes 
fully developed, and the mental powers are exercised 
with greater freedom than before. The yonth begins 
to prepare for the active occupations of life by regular 
and continuous study ; and the commencing supremacy 
of the reasoning faculties enables him to understand, 
not only the sensible qualities of surrounding objects, 
but their relations to each other, and the manner in 
which he may employ them for useful purposes. The 
body also acquires at this time a different appearance, 
and the proportions of its various parts are altered. 
The limbs are stronger, and the joints comparatively 
smaller than in the child; and many of the internal or- 
gans become altered in their size and weight, as com- 
pared with that of the whole body. Thus both the 
anatomical structure and the physiolo^cal actions of 
the bodily frame, having passed auccesaively through 
their different stages of preparation and growth, arrive 
at last at the fully developed and adult condition. 



QUESTIONS FOR CHAPTER XVIH. 

1. What to meant by the developmenl of tba body ? 

2. What ia iho weight of the newlj-born infant ? 

3. How do the proportions of its body differ from those of ihe 
adulc? 

1. What is the position and form of tho arms and lege ? 
fi. What is the condition of the skeleton at hirth? 
6. What is meant by thoo9ayi™''<""'f Ihe ekaleton? 



7. Wbal is Ibe condition of the spinal co/umii at birth ? of the 
skullf 
6. What are the/onfaTie^r and how are tbej tbnned 7 
9. What i» the shape and situation of the posterior fontanelle 7 
ID. What is the shape and sitaation of tho superior fontauelle? 

11. At what age are the fontajieUea completely closed F 

12. Of how maoy Gepajate pieces is ibeyeiuia camposeilat the time 
ofhirtbf 

13. What is the condition of the bones of the arms and legs ? of 
;he wrist ? of the nnltle 7 

14. Why is the skeleton of the infant nnl\t. [a sustain the weight of 
the body ? 

15. What is the slate of respiratioa at birth 7 

16. How long does it require for the lungs to be completely fllleil 
with air 7 

IT. How is this deficiency compensated for in the young infant? 

18. Why is the infant more sensittre lo cold than the adult ? 

1 9. What is the state of digcslion end ttutrilion in the itifont 7 

20. What is the proper food of the infant 7 

21. Wb; Bhonld it be given at short intervals 7 

32. What is the state of the special senses in the in&nt? of con- 
sdounesat of Aa intelligence r 

23. What kind of iitoixntetiU are thoue mostly performed by tbo in- 
Iant7 

24. Why does the Infant require n large nmonnt ot sleep? 

25. Why is the newly-born child termed an inJhntT 

28. At whnt tinie do the teeth begin to appear 7 

27. When do the inciiors show themselFes 7 the first molaTS t the 
amines T the remaining molars 7 
2B. How many t«ech, in all, tarm the drat >et 7 * 

29. Whj are they called milk teeth t 

SO. Whst is tlie dinhrence between an ia/aai and a chiUt 

31. What is the extent of the period of childhood? 

32. Wbot changes take place during childhood in the skeleton and 
the muscles? 

S. Why should the child pass much of his time in active sports 7 
ii. Whnt part of the nervous system is most fully developed during 
childhood? 
35. Row does the child leom most easily and profitably? 

30. What norvons actions are most fiilly developed in the chihl 7 

Q2 
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B7. What change takes place during childliood in the organs o 



38. What is the condition of tlie first set of teeth ol the time of 
hirth? 

99. What ia thepiiipof the tooth? 
to. In what is it contained f 

41. How is the pulp converted into the liard tooth ? 

42. At what tiiae is the Grat set of teeth completely fonncl ? 

43. When and where are the second set uf teeth formed ? 

44. How long do thej remain Uonoatit ? 

4Ci, When do the/ begin to grow and boi»]me ossified ? 

4I>. What efieut doea this have ua the teeth of the Grst set ? 

47. What becomes of the teeth of the tirat set ? 

45. How da ihe teeth of the second set differ from tlioee of the first F 

49. Qow many teeth are there in the aecand eet? 

50. What change takes plac-e in thejoui at this lime ? and why ? 
li 1 . When doea the shedding of the milk teeth begin ? 

52. Which are the first teeth to be changed? 
sa. When are the molar toeth cliajiged ? the canine teeth ? 
M. When does Ibe^r^f posterior molur ahaw itself? (be second? 
the third? 
M. Why is the third poslerior molar called the wisdom uxth f 

56. What is the noKt period to that of childhood ? 

57. What especial changes take place in the skeleton daring the 
period of yonih ? 

r>S. When are the three bones of tho;ie/wi» united? 
ri9. When does the consolidation of the long bones of the anna and 
logs take place ? 
(JO. At what age is the general develojimont of the bfidy 'cfirarilete? 
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Addomen (Latin abdo, to hide). The lower part of the hody aita- 
ated bcnaaih the level of the dicphragm ; the bell^ ; bo called because 
the abdominal organs ore concealed or hidden in it. 

ABBOltPTtoN (L. si, from, and sorbeo, to sock up). The imbibi- 
tioD of a fluid by an animal memUnuio or tisBue. 

Adiposb Tibbdb. The &t. 

Air Vebiclb. A tninuie reaiclQ containing ur, which goes tomnko 
up the tissue of the lungs. 

Alddhen (L. albae, white). An BnimnI substance which congu- 
luies when heated; bo called because it turns white in coagulating. 
Hence, "white otegg." 

Al.BuuiNOHE. An animid substance, not coagulable bj heat, pro- 
duced in digestion by the nction of the gastric juicu on olbominous 



different parts, in whidl the preparation and digestion of the food, or 
"aliment, "is performed. It comprises the mouth, the pharynx, the 
ccsopluigua, the stomach, and the small and large intestine. 

At-KALi (Arabic At Kali, the soila-pUnt). A name given to cer- 
tain chemical substances which have the power of combining with acids 
in such a way as to neutralize their acidity ; snch as soda, potaah, 
and the like. 

Alkaline Fluid. A fluid containing a perceptible qoantity of an 

Anatoht (Greek AvA, ant, throagb, and TB/tii, lamee, a ciitlJng). 
Literally, " <tiBS4tction. " The study of the difierent parts and struc- 
ture of the body. 

Anti-bblh. The curved ridge in tlio extomol ear, atnated inside 
and in front of the helix. 

ANTi-TRAaDs. A ridge-like elevation in Che external ear, sitnatud 
behind and below the tragus. 

Akvii., The middle one of the three small bones in the tympanum 
of the ear, resembling an anvil in Ehape. 

Aqiteoiib Hdhob (L. aqwi, water, and humor, a liqnid). A thin 
watery fluid situated in the eye, between the front of the iris and the 
inner snrikce of the cornea. 

ApPARAiuf , A collection of different organs, which are associated 
in the performance of the same function. 

AdRTA. The great artery which passes off fVom Che lell ventricle 
of the heart, and which is the main trunk of the whole arterial system. 



I 



3Y2 GL08SAET. 

Akch ov thb Aobt*. The semidrcnlar beoJ of Ihe aorta, in tbp 
upper ptal of the chest, from which the niaiii arteries to the amis anil 
head are given otf. 

Abtbbui. Blood. The bright red hlood contained in the left Bide 
of the heart and the arteries of the general circolatioa. 

Artebt (Gr. aijp, aer, air, and r^iia, tereo, to keep). A vessel con- 
rejing the blood from the heart outward to the orgBDH ; bo called be- 
cnuBB the anciente Ihonght these veasels contaiDod lur. 

Abitenoiu CaTtilages ( Gr. ufmroivu, arutaina, a, kind of waler-jug 
or pitcher). Two movable cartilages situated in the larynx, to whirb 
the vocal chonia are attached posteriori; ; so called bxaa a supposed 
resomblaneo in their form to tliat of a water-pitcher. 

Amthilatioii. The pro(!e»i by which the ingredieota of the food 
are converted into those of the tisanes. 

AuDiTORT Nerve (L. audio, to hear). The apecia] nerve of the 
sense of hearing. 

AuBicLE (I., atiriaiii, the outer car). The smaller and thinnt? 
chamber of the heart on each side, wliich receives the blood directly 
ttota the veins ; so called from a Wcied resemblance in sho^ to a. 

BiCBPS Flesor (L.). a muscle sitnated npoo the front part of the 
arm above the elbow, which servea to bend the elbow-Joint. 

BiLB. The secrelion prodnced by the Kver. 

BiLUBi DtiOT. A duct which conveys the bile &om the livra' to 
the intestine. 

BiLiAsr Salts. Two peculiar substancea, fonoed by the combina- 
' lal matters with soda, which are the most in^iort- 
unt ingredients of the bile. 

Blood GLoniiLEg. Minute rounded and flattened aemi-flnid bodies 
of a red color, which are found in great abundance in the blood. 

BluoHlAMS Anticvh (L.). a muscle sitnated ujioQ the front 
part of the arm, which assists the biceps flexor in beading the elboW' 

""us of nervous substance contained in the cavity of 

BnoNCBi. The two passages into which the trachea divides al the 
top of the chest, and whicii enpplj the lungs on each side with ^. 

BnoNctnAi. Tubes. The small tabes into which the broDchi di- 
vide as they enter tlie saliatance of the lungs. 

BllTTRiNB. An oleaginous subinance which gives the peculiar fla- 
vtir to the butter of cow's milk. 

Calca-Nbcn (L. cako, t« kick or trample). The heel-bone. 

CaijIhe Teeth (L. conis, a dog). The pointed teeth situated just 
outside the incisors, one on each side in each Jaw; so called because 
thoy are vety prominent in the dog, aa well as in other caroivorous 
animals. 

Cafili.art Blood-vessels (L. capillui, hair). The smallest blood- 
vessels, intervening between the arteriee and the v^ns ; ao called &oa 
their mlunte or hojr-like dimensions. 



n respiration 

_e breatli: M called becoase it ia a' 

from burning eoala. 

Cahdia (Gr. icaplia, kardia, the heart). The upper orifice of tha 
Blomnf h, through which the food enters from the teaophogus ) so call- 
ed becaase it is dtaated neiir the heart, 

CarnIvobOde Animals (Tj. cars, eamis, Scsh; anduoro, to deionr}. 
AnimitU that feed npon flesh. 

Cakibb (L. carina, rottenness). The partial decay of a bone or 
tooth. 

Carotid Arteries. The two main arteries which run upward, od 
each side of the neck, to supply the head and brain. 

CAtiTll.AOC. A flrm elastic substance, like India-rubber, attached 
to the bones in various parts of the bodj. 

Caseinb (L. caseus, cheese). The albnniinouB ingredient of milk ; 
BO called because, when coagulated, it terms the substance of cheese. 

Catj^lysib (Gr. tcaraXvia, katiUuo, to dissolve or demoUsh). A pe~ 
cnliar chemical change, in which the ingredients of a subaiance ore 
altered or decomposed by the mere contact of another substance. 

Cell. A minute form, occurring in animal and vegetable tissues, 
sometimes hollow and sometimes solid, and varying in shape, being 
globohir. Battened, cylindrical, or irrcguhir. 

Cei,lu LAB Tissue. A tissaeconaistuig of loosely interwoven fibrous 
bundleB, which is placed between the mascles and other contiguouLi 

CBRltBDLi.nii (litoraJty, the " Little braJn"). A coniMluled gangli- 
on, smaller than the cerebrum, and situated at the back uod lower 
part of the brain. 

Cbrebkuh. The largest portion of the brain, filling all the front 
and upper parti of the cranium. 

Cerbbbo-spidai. Nervous System. That portion of the nervans 
system consisting of the brain, the fpinal cord, and the nerves belong- 
ing to tiiem, through which the body is brought into nen'uua cum- 
muuication with the eKtemal world. 

Chest. The upper part of the trunk of the body, inclosed by the 
spinal column behind, the ribs on the sides, and the breoat-boue in 
front. 

Chondbinb (Gr. x^Spag, chondrog, cartilage). The albuminous 
ingredient of the cartilages. 

Cboboid Coat (Ur. xwpiof , chariiM, the vascular port of the skin, 
and (Use, ados, form). A hrowjiUli-hlack membrane farming one of 
the envelopes of the eyeball ; bo colled because it rei^embles the skin 
in vascularity. • 

Chtlb ((jr. z<'^C, chulas, juice). The white, milky-looking fluid 
produced in the smell intestine by the digesiloD of fatty substances. 

CiLiA&T Nenes. A set of slender nerves, ton or fifteen in number, • 
which ere given off from the ophthalmic ganglion, and are finally dis- 
tributed to the muscular fibres of the iris. 

CiNERrnona Kervous Matter (L. cinis, cinerit, ashes). The gray 
or ash-colored substance of a nervous ganglion. 

CiB0Ui«(TiOH. The movement of the blood in a cootinuoUB ronnd 
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p up). An nniisiial fiU- 



or riruuit, Trom the ai 
to the oTturiea. 

Clavicle (L. clavis, b. key). A slender bone, shnped somewhat 
like It koy, placed homonially at the botuim of the neck, between the 
top of the breasts-bone and the point of the shoulder. The foUm-- 

Ct.or. The finn, red, opoqne, jelly-like masE, formed by the toag- 
nladon of the Hood, and canniBiing of the hbiino and blood globules 

CoACTTLATTON. A procesB of Solidification pecoliar to the albniuiii- 
ona BuhstaDces. 

CocBLBA (L. cochlea, a. snail-ahell). A portion of the labyrinth of 
the oar, consisting of a doable tabular canal, winiling Epirally round a 
central axis, like a snail-shell, and containing the terminal tomiaca- 
tions of the auditory nen'8. 

CoLLAB-BOMB. See Clatiolh. 

Coi^K (Gr. KuXAu, tolHo, to reetrain). The name ^ven to the 
large intestine ; becanse ibs contents more slowly. 

Concha (L. concha, a shell). The cnp-sbuped depression in the 
middle of Uie external ear, leading lo the taoutb of the auditory me- 

CoNOESTIOH (L. congero, eongetttim, K 
ing of the vessels of a part with blood. 

CoNJUNOTiTA (L. nmjmgo, to join). The thin membrane which 
corers the front of the eyeball and Unes the inner snrface of the eye- 
lids ; so called because it joins the eyelids to the eyebalL 

CoNSTBioTORS OF TUB FuAR'tRX (!•■ constHngo, to de ap, as in a 
bundle). Three muscles which are wrapped round the phaiynx so as 
to compress this canal and force the food through it front above domi- 

CciNTaACTiox. The active shortening of a muscle or muscidor 
fibre. 

CoNVDLaioN (L. arnvdlo, to [ear). A violent and invotuntar^ con- 
traction of Bume or all of the muscles of the body and limbs. 

Cornea (L. rornn, a bom). A firm, transparent, and colorless 
layer, farming the front part of tho eyeball, through which the light 
penetrates into the interior ; so called from its resemblance to horn in 
texture and consistency. 

Cranial Nerves. The nerves coimectedwith the brain; bo called 
because they emerge through openings in the cranium. 

Cbahium, The bony cose containing the lirain. 

Creatine and Creatinine (Gr. t^iai, kreas, flesh). Two substan- 
ces produced in the process of excretion, formed in tbe tissue of the 
muscles and discharged from tho body by the kidneys. 

CBiBBtFOHM (L. criiruTii, a sieve). Perforated with many little 
holes, like a sieve. 

Chown of a tooth. That portion of the tooth which projects abore 
the jaw. 

CavsTALLtKB. The albtmiinouB ingredient of the crystalline lens. 

Cktstalunk Lens. A transjiaroiit circular body, rounded on iia 




front and back surfaces, situated 



lyeball, jnat behind the ptipil. 




Le the light passing through it at the surface of 
tlic retina. 

DEcnsflATlOH (L. deeuaso, to cnt croBswise). A reciprocal crossiug 
from side to eide. 

DEOLtrrmoii. The act of swallowing. 

Developmbnt. The process by which the body pnaees through 
Baccesfdve chongea or stages of growth, fi^im inbncy to adnlt age. 

DtAPBBAGN (Gr. iio^^afiia, diaphragjiia, a partition). The vault- 
ed mnscular sheet which separatee the cavity of the chest from that 
of the abdomen. 

UiotiaTioN. The liquelkction and preparation of the food in Cha 
alimentary canal. 

Dcci. A narrow tuhe, nsiuUly destJoed to convoy away ft secre- 
tion from the gland in which it is produced. 

Emulsion (L. enatlgfo, to milk). A permanent tnijttnre of oil, mi- 
nutely divided, with a watery liqnid ; so called beoaase it is white 
and milky in appearance. 

EInaubl. The douse calcareous covering of the crown of a tooth. 

EjitHjaHoSia (Gr. iviov, ejidoa, within, and wdur/ioc, ot/iismoi, an 
impu^ion). The force by which a fluid is tnode to penetrate an ani- 
mal substance or tissue. 

Epitheocm (Gr. ivi, epi, upon, and SijX^, tlicS, a nipple). A lay- 
er of soft cells, covering the smfoce of the lining membranes and cer- 
tain pans of the skin. 

EDeTACHiAN Tube. A membranoos canal, extending from the 
fore part of the ^mpanam of the ew to the aide of the pharynx, and 
serving to establish a communication between the cavity of the tym- 
panum and the extamol atmosphere ; from Borthelemi Eostachi, an 
Italian anatotnist of the sixteenth century. 

EiCKBTiON fL. excerno, eicrcfum, lo pnrge out). The process by 
which the waste materials of the body are chan^d and eliminated. 
A substance or fluid so produced is also called ah etcretiom. 

EXPIHATIOK. The act by which air is carried oat of the longg in 
breathing. 

ExTEKHOB Mascle, A muscle which serres to struighten or ex- 
tend a joint. 

» External Ear. The tnunpet-shaped expansion on the aide of 
the head which serves to conduct sounds toward the mouth of the 
auditory meatus. It is that part commonly called the "ear." 
Facial Nerve. The seventh cranial nerve, distributfid to the mas-- 
cles of cxpreesion in the lace. 

FEmm. The thigh-bone. 

Fenestra (I..ftiifatra, a window). The name Bometimi's given to 
a perforation in the walls of a cavity, a?, for instance, the "oval feites- 

Itra"in the oatcr wall of the vestibiile of the ear. 
FERiteNr. A substance which causes fermentation. 
FKRMBNTATlo»(L./eniien(ej™, to rise, to puff up). A process of 
catalyaia, by which hubbies of gns are funned in the ft 
I I 
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FiBKim. An BDimal mntter fontid In the blood, which has ibe 
propertj of coagola^g spoolitneoiul/ ; so call^ because, when coag- 
nlBled, It boB a Gbrone [extnra. 

FiKLD OF Vision. Tbe drcnUr space in tirout of the vyw within 
which objettB can be percaived. 

Flkxoh Musdo (Jj.jiecto,jtexum, to bend). A mnHcla which eemes 
to bend nlimb ot joint. 

Foccs (L.ybcu.t, a lircplnce). The spol at which the ravE paEiiog 
through B lens ore brought together. 

FoLLicLB. A little bag or sac, formed of an animal membrane, 
and nsnallj opening by a minnte orifice at one extremity. 

FoLLioi.es OF LiEBBaanHH. Tbe dmple tubular foUicles of the 
lining membrane oT tbe smalt intestine ; so callec) from John Nathan- 
iel LieberkQhn, a FrosEian anatomist of tbe eighteenth c^itoc;, by 
whom they were first described. 

FoNTANBLLE (Italian ynn(an«/'o, a }iltle fountain). A name given 
to two spots in the craoiom of intonts, where tbe osdfication of the 
eknll is not yet comptete, and where tbe pulsations of the brain can be 
felt through tbe soft part^, like the bubbling of water in a fimntun. 

FoBAUEK (L.ybi'awsi, a hole). A perforation ; nauslly in a bone. 

FuKCTioM ^.fttngoT,fiinctua, to perform). The office perfocmal 
by any organ of the body. 

FtTNons. A very simple kind of vegetable growth, fonued entirely 

Gall-bladder. A sac or reserroir, communicating with thenudn 
biliary duct, in which a portion of the bile is stored np daring the in- 
tervalB of digestion. 

Ganqlion (Gr. layyKiov, ganglion, Atamor). A ctdlectian of gray 
norvoos mailer containing nerre-cells, and acting as a nervoas centre. 

Gahoi-ioic of Mbckel. a small ganglion belonging to the sympa- 
thetic nervoos system, situated beneatb tbe floor of the skull, and giv- 
ing off nerves which are distributed to tbe inner pan of the laoEal pss- 
sages and to tbe muscles of tbe hanging palate; from Meckel, a Ger- 
man anatomist of tbe eighteenth century. 

GAaamtiAN Ganolioh. A considerable ^nglion, »tnnted iroon the 
fifib or ' ' trigeminal" nerve, within the cranium, at the level of ib di- 
vision into three main branches; so called from Achilles Pirminins 
Gasser, a German anatomist of the sixteenth centuiy, by-whom b is 
said to have been discovered. 

Gastrto TtTBULEa. The elongated tubular follicles of the liidng 
membrane of the slomacb, by which the gaBlHc juice is secreted. 

GASTHocHKMins Moscle (Gr. ). A sirong muscle sitnated npon the 
back part of the log, which serves to draw the heel upward. 

Gklatinoob (L. gflalMs, congealed). Like jelly in con^stency. 

Genkhal CmcttLATioN. The movement of the blood throngti the 
various tissues and organs, from tbe arteries to the veins, as dislin- 
guidbed from the circulatioQ through the lungs or any other porticnlar 

Ggnbral SENsiBiLtTT. The lenaibili^ residing in the «ldn and 
some uf the lining membranes, by which we acquire the perception of 
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the simpler physical qnaJitJea of external objects ; sach as their con- 
^ienc7, texture, temperature, etc. 

Gkbkination {L. genaiao, to bud). The first growth or sprouting 
of a seed. 

G1.AMD. Ad organ composed of folliclss, lobules, and ducts, with 
blood-vessels interwoven, which produces a accretion from the mate- 
rials of the blood. 

Glahdule. a little gland. 

GLOSSO-PHABrNOEAi. Norve (Gr. y\t!itta, gliisaa, the tongue, and 
faavyi, pharunx, the throat). The ninth cranial nerve, which is dis- 
tributed to the back part of the tongue and to the pharynx. 

GLOTTia. The narrow opening or crevice in the upper part of the 
larynx, by which it commauicates with the throat. 

GtirrBN. The albimunoos inatCer of wheat flonr ; so called from 
its adhesive and glutinous conaistencj. 

GitANirLH. A little groin. 

Gpstatoev Necva (L. yiMto, to taste). The special nerve of the 
sense of taste, being a branch of the third division of the fiAh cranial 

HiBOiNO Palate. A muscular cnrtain, hanpng downward from 
the back part of the roof of the month, which partially separates the 
cavity of the mouth from that of the phiuynx. 

Hbltx (Gr. aiE, hdlx, any thing tvristod or convoluted). The out- 
er border of the external ear, which is rolled or convolnted inward. 

Hemipleou (Gr. ^(ntrve, hemisua, half; and r^iiaaia, pSiio, to 
strike). A paralysis of one lateral half of the body, and the limbs on 
the corresponding side. 

HEPATia Vein (Gr. jjirap, i^inr, the liver). The vein which col- 
lects the blood from the liver and carries it onward to tho heart. 

HERBlvonoiTB Animals (L. herba, grass, and voro, to devour). An- 
imals that feed upon vegetable matters. 

Hyai.010 IVIembrane (Gr. iaXoc, Aaalos, glass, and tXloc, eidos, 
fbrui). A very thin, transparent, and colorless membrane, which lines 
the inner surluoe of the cavity of the eyeball. 

Htuhopbobu (Gt. iiiaifi, hudor, water, and ^0^0^, phabos, fear). 
A disease induced by the bite of a mad dog, and characterized by ex- 
treme irritability of tbe spinal cord, so that the least external impres- 
sion caosea violent reflex couvnlsioiis, especially of the muscles of deg- 
latition ; so colled because the animals and men affected by it were 
supposed to have an especial dread of water. 

Uygienb (Gr. uyiiia, hugieia, health). The Study of the laws of 
health and the mcauK of its preservation. 

HvivoLOSSAL Nerve (Gr. inri^, /lujm, under, and yXiiaaa, fflosta, 
the tongue). The motor nerve distribated to (he tnusclca of tbe 
tongue i BO called heeause the trunk of tlie nerve runs for some dis- 
tance beneath the bottom of the tongue. 

Incisohs (L, inada, inei«ini, to cut). The four front teeth in each 
jaw ; go r.a]l«l because they are p/ovided with a sharp edge and ore 
adapted (or cutting. 



S78 



GtOSSAHT. 



lNy*MT (L. I'n/ons, not apeaking). The child utidsr iwo years of 
Bge ; so called hecAuse he can not yet use articuhite langooge. 

Insensible! Transpibation. The name given to die perspiixtiDU 
wben produced in its osual moderate quanticj, so that it inslaDtlj 
eraporates; conseqaentlj being imperceptible or '•iuBensible.'' 

Imbfibatiob. The act bj which air is drawn into the lungs in 
breathing. 

iNTERaoBTAL MuEctcs (L. inter, between, and casta, a, rib). The 
muscleg which ore situaud between the ribs, nod which nioi-e the libs 
in respiration. 

Intebcostal Nerves. The spinal nerves which supply the inier- 
costal mnsclea. 

Intbbkai. Ear. That part of the auditory apparatus ronsutingof 
the labyrinth, its membranous bag and lymph-like flnid, with' the 
romiScations of the Kuditory nei've ; all coniajnod n-tthin the sub- 
stance of the petrous bane. 

iHTESTiNAi. JvwB. A viscid aecrellon produced by the Uningmem- 
brane of the small intestine. 

IniH (L. iris, the rainbow). The perforated mascular eurtidn ritn- 
ated within the eye, in front of the cryBiidlitie lens ; so called from its 
variegated color. 

iRRiTABiLiTr. Thc property by which the nerves or other organs 
are thrown into excitement by any elimulus applied to th^ enh- 

ling the greater part of 



Keratike (Gr. trJpac, kernt, horn). The aJhnmiDOus ingredient 
of the hair and nails ; so csJIimI becimse the same aubstjiuce is the in- 
gredient of horn. 

Labthimth. a cavity, of singular and compllotted form, ntnaied 
in the substance of the petrous bone, and containing the tenDioal lam- 
iflcationa of the auditory nerve. 

Lachrymal Cakals (L. lac/iri/ma, a tear). Two narrow canals or 
ducts, an apper and a lower, leatfing from the iRner comer of the eye- 
lids toward the nose, and serving to convey away thc tears from the 
Biirface of the eye. 

Laghrthal Glahd. a lobulated glatid, tiltuatod in the upper and 
outer part of the orbit of the eye, in which the tears are secreted. 

Lacteals (L. ^, milk). Thelymphntic vessels of the small iniM- 
tine, wliich become filled with wbite, milky-looliing chyle during di- 
geslioQ. 

Lactio Acin. The acid produced by the sooiing ofmilk. It oleo 
exists in the gastric juice. 

Large Intbbtinb. The last live feet of the intestine ; so called 
on account of its capacity, being considerably wider thou the small in- 

L/kttruK (Gr. Xapvyt, tarunx). The cartilaginous box situated at 
the top of the windpipe, Uu-oagh i^ch the air passes from the throat 
into the trachea. 
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LifiAMENT (L. tign, ligare, to bind). A fibrous bund or cotd, serv- 
ing ti) attach two banes to each other. 

Line of Distinct Vision. The straight line extendiug in &c)nt 
of each eye, within which alone the eye can percMve objects distinctlj; 

LoGUUi. A coltsction of little foUides or vesicles, or any division 
of a glaudnlar organ communicuting with a single duct. 

Lyhpii. a transparent colorless finid, absorbed by the lymphatic 
vessels from varinua tissues of the body. 

LiUFHATio Vessels. A set of very thin, delicate vessels, which ab- 
sorb the lymph from the tissues of Che body and convey it tuivard to- 
ward the centre of the venona sysiem. 

Ma i.let. The outermost of the three small bones in the tympa- 
num of the ear, having the form of a mallet, and attachedto the mem- 
brane of the tympanum. 

MarOarIne (Gr, ftipyapov, maTgaran, a pMrl), A fatty or oleag- 
inous substance, which is intermediate in consistency between steuciue 
and oleine, 

Mabrow. a soft vascular substance contained in the cavities of 
tlie bones. 

MAaseTGB Muscle (Gr. fiaaaaopm, massnojnai, to chew). A stroog 
muscle situated upon the side of the taca, which moves the lower jaw 
from below npvrani in mastication. 

Mastication. The grinding np or comminution of the food by the 
action of the teeth. 

Mastic AToa Merve. The motor branch of the third division of the 
fliUi cranial nerve, distrihuted to the muscles of muaiicatiou. 

Mbatdb (L.). a passage or canal. 

MBDDI.LA Oblohoata. A uervous mass of an oblong shape, sitn- 
ated Ht the lower port of the brain, and giving olf many of the cranial 
nerves. It contains the ganglion of respiration. 

Meiboheah Glands. The glands situated on (he inner surfBce of 
the cartilugOB of the ejelids, by which the oleaginous secretion of the 
lids is priHluced ; from Henry Meiboro, a German anatomist of the 
ieventeenth centmy, who described the structure of the eyelids. 

Mbhbsahk. a thin and flexible expansion of tissue. 

Memrbane op thb TtMPAStTM. A fibroos membrnne stretched 
across the bottom of the external auditory meatus, and Ibrmirtg the 
outer wall of the tjmpanum. 

Mesrntkrv (Gr. lurrns, maos, in the midst, and ifrtpa, entera, the 
enlniils). A brood membrane by which the iuteBtinos are attached 
lo the spinal column. 

Milk Teeth. The first set of teeth, twenty in number, which make 
their appeoronce during infancy i io called becaose the food at that 
lime con«igts principally of milk. 

Molar Teeth (L. mata, a mill). The side and back teeth, which 
ore adapted for grinding the food, like mill-stoties. 

Motor Nervous Fibres. Those nervous fibres which convey the 
stimulus to motion from the nervous centres outward to Ibe muscles. 

Mncrs. A ropy lubricating secretion, produced hy the follicles 
and glandules in various parts of the body. 



. Nasal Dcct. A duct which recaives the tears broaght from the 
OTs hy Iho laohrjTOnl canala, and discliargea iliem into the ca\iij- of 
the Doae about il9 middle portion. 

Nbsvb. a while cord compossd of neiroas £brss or filaments. 

NBttYE-OBW/S. Konnded cells, often with slander prolongations 
mnning ont from them, foond in tha gray sabsUuice of the nerrous 
ganglia. 

Nebtoub Centbe. a coUeccion of gra j nerrons matter, which re- 
cdvei impressions and originates the nervous impulses. 

NEBVorrs Fibbb or Filamekt. A white thread of minute eixe, 
forming the Snbsiance of the nenea, nnd haiing the power of coudart- 
iug the nervous stimulus. 

Nbrvocs Ststeu. The entire collection of all the orgaiu com- 
posed of nervous tissue, namely, the ganglia and the nerves, with idl 
their connections, throu^oai the body. 

NbCilALQIa (Gr. viipov, nearoa, a nerve, and akyoc, algoa, pain), 
A painful affection prodnced by irritation of the sensitive nerves, with- 
out mHoifest disease of the other tlasuea. 

Nbdrilkhma. The fibrous sheath by which the filaments of ■ 
nerve are enveloped, and which protects them from injury. 

NtTncKtBH. A gas having hut little chemical activity, which fbms 
aboat four fiftbs of the bulk of the &tmo»pbere> 

N1T01.EUH (L. imclam, a kernel). A rouqd or ovsl spot, which is 
found upoa certain cells, as, for instance, epithelium-ceUs and nerve- 



(EsormacB (Crr. oiw, olaa, oia, oUo, to Cony, and ^ayai,phaffo. In 
eat). The muscular tube which conveys the food from [be mouth 10 
the stomach. The gullet. 

Oleine (Gr. fXaiDi', elaion, oil). An oleaginoua substance which is 
fluid at ordinary temperatures. 

OLTACTOnT Nerves (L. oi/aao, to smell). The tpecial nerves of the 
sense of ameli 

Ophthalmic Ganglion (Gr. o^oX/iAc, ophlhalmoi, the eyej. A 
small ganglion belonging to the sympathetic nervous syBlero, and sit- 
uated in ^e back port of itie orbit of the eye, from whidi tJte ciliary 
nerves ore givetv off to the iris. 

Optic Nerves (Gr. airrofioi, optomai, to see). The spedal narvBB 
of the sense of sii^t, distribnted to the interior of the eyeball. 

Otno TuALAMi. Two nervous ganglia, sitaaied breath the cet«- 
brum and behind the striated bodies ; so cuQed tiecause they were for- 
merly supposed to be the origins of die optic ner>'es. 

Oi^io Tt-BcHCLEg. A pair of small rounded ganglia, sitiiat«d near 
the middleware of the brain, from which tlie optic nervea take tbeir 

OnnicuLAnia Muscle of the Eye, The muscle surrounding the 
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opening of the eyelids, by which the eye is saddenly und forcibly 
closed, as in the nut of wlDking. 

Okbit. Tlio bony cflviQ' bwieath Iho forehead in which iho eye- 
tMiU is Biraated. 

ObOab (Gr. bpyavBV, arganon, an inatrnment). Any part of the 
body whicb ia adapted to perform a panicnlar service, euch as llie 
heart, tbe stomach, the brain. 

OssiFlCATloH (L. o>, ossit, a bone, and/ucio, to moke). The con- 
rereion of cortilaf^ or other soft tissue hito lione. 

OiiTEiKE (Gr. omiov, ostton, a bonej. The olbtrniinoua ingredient 
of the bones. 

OxYOEK. A gas forming one fifth part, by bulk, of the atmosphere, 
which is oBGeniiui to respiration. 

Pancreas. A gland sitnaCed in tbe upper part of the abdomen, 
near the lower border of the stomacb. 
' Pancbeatic Jcicb. The secretion prodnced by tiio pancreas. 

PAKCBEATIN&. 'llie albamlnouE ingredient of the pancreatic juice. 

Papilla (\j. pnpilta, a, nipple J. A minute conical prominence or 
elevation npon the Bm'fiieo of an animal membrane ; thus lhe"papU- 
laj" of the tongue. 

Pabaltsis (Gr. irapoXiei, parabio, to loosen). Asospendon or ab- 
oUtioD of the power of sensation or motion ; more frequently of both. 

Fasaplegia (Gr. vapan-Xijfnrui, paraplisso, to strike with dernnge- 
ment). A paralysis of the lower luabs and lower half of the body. 

Pa&otid Gland (Gr. vapd, pnra, near, and ovg, iMc, oidi, oCoa, the 
ear). The salivary gland «itaat«d just io front of the ear. 

Pak Vagi™ (L.). Literally, tbe "wanderingpair." A name given 
to the pnenraogastric nerves, on acconnt of their long course and va- 
ried distribution. 

Peduncles of theBraJn. Two rounded bandies ofnervons fibres 
IMnning upward and forward from the base of the brain, and termi- 
nadng, on each side, in the substance of the cerebrum; so called from 
the botanical term " peduncle," which signifies the stalk of a flower. 

pBLVtH (L. pelvis, a basin). The hip-bone; Bo called becausu it is 
like a basin in shape. 

Pbpsinb (Gr. inirru, ptpio, to cook, to disinlegnite by cooking). 
The most important ingredient of the gastric juice, which acts as a 
ferment in the digestion of the food, 

Peribtaltio Action (Gr. jripiuriWw, perUttUo, to wrap n '" 
The peculiar movement produced by the successive contraction of cir- 
cular muscular fibres wrapped round a cylindrical tabe, as in tbe 
(Saophagus or tbe intestine. 

Perbfikation (L. per, through, and spiro, to breathe or exhale). 
The watery socroiion exuded upon the aurftce of the skin. 

Pbrspiratort Giands. Small glandular bodies, in the form of a 
coiled tube, situated immediately beneath the slun, by which the per- 

ispiratiou is secreted. 
Pktbous Bono (Or. irirpo, jietra, a rock). One of tha bones form- 
ing the base of the skull, and containing the internal car and the tym- 
panum ; so called Irom its atony hardness. 
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Phabtkx (Gr. ^apuyEipiafnnx, the throat). The mnseular paj. 
wc;e leadiDg froin the back pnrt of the mouch to the teaophagiu. 

rHBCMic Neire. The nerve or the diaphragm. 

Fhthioloot (Gr. time, Pkuais, Nature; ami Xd>oc, lof;as, a dis- 
conrse). Hie »tudf of the oatanJ actions of the living body. 

1'lexcb (Gr. irXicu, ir\Kia,jileko,plexo, toweave or plait tugether). 
A network of any thing interwovBn, aa of blood-vesaels or nenes. 

PBEDitoaABTHic KorvB (Gr. mriiiiuiv, pnenmdn, the lungs. anJ 
yacT^p, gaiteer, the stomach). The tenth cranial narve, distiibiueil 
principally to the lungs and the stomach. 

l'oriBVAHOijr(L.). Literally, the "bridgeofVarolius." Atrans- 
verao band of nervons fibres passing in a curved form from one aide 
□f the cerebellum to the other, and epanning the longitudinal fibres of 
the nieduUa oblongata, like an arched bridge spanuing a, etream ; » 
called from Varolius, an Indian aaatamist of the sixieeath ceniuiy, 
who first desciibed it. j 

PoBTAi. Vein (L.jiorlo, a gateiray). The venouB trunk formed hj 
the union of all the veins coming from the intestine, and which con- 
veys the blood to the liver. 

Ptbbtooid Muscles (Gr. rripu^, uripuyoe, pterux, ptmigos, a 
wing). Two muscles ailuatod between the " pterygoid" or witig-like 
projections of the baae of the eknll and the lower jaw. They g;iye to 
the jaw a lateral or grinding movement in mastication. 

Pttalinh (Gr. VTuAiai, ptttebm, eaJiniJ. The albumiiions matter 
of the saliva. 

f ULUOHABT (L. ptilmo, the tungs). BelaUng or belon^ng to the 
longs. 

PcLMONARV Artery. The great artery which receives the blood 
from the right ventricle of the heart and curries h toward the Imigs, 

Pdlmonart ClBCULATioN. T^e movement of the blood through 
the lungs, from the pulmonary artery h> the pulmonary veina. 

Pdlmonaby Veins. The veins which bring the blood from the 
longs to the left auricle of the heart. 

Pulp of a Tooth. The soft vascular papilla or prominence orountl 
which the harder portioos of the tooth are deposited. 

FcLSATioH oftbe Heart. The entire act, or movement, of the bqc- 
n and relaxation of the auricles and ventricleH. 

_...BErL. IHlfc 



SG (L. pulao, to beat). The rhythmical distenaion of an artery 
impalsB of the blood from the heart. 



Pylorus (Gr. TvXiapbc, puloras, a, gate-keeper). The lower orilice 
of the stomach, throngb which the tUxl paases into the intestine ; so 
called on account of a circular band of mubcular fibres by wliich the 
passage is guarded. 



supply the palm of the hand. 
Reobptaouleii Cktli. Literally, the receptacle of the chyle, A 
— II ,^ dilatation situated at the commencement of the thoracia 
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Rectcm (L. rwfus, Straight). The last portion of tha large itiiee- 
tine ; so called because it Ta Dearly straight, in compariEon with the 
remajiider of the inteatino. 

RBcnRKEtiT Nbivb (L. [■bcbtto, to ran back). The inferior Inryo- 
geal hranch of the pneninogaBtrie nerve ; so c^cd becaose it is giveii 
oif from the main trank of the pneuiuogastric at or near the top of 
the cheat, and then returns in a direction from below upward, to reach 
the brynx in the upper part of the neck. 

Bbflex Action of the Nervoiw System. An action b^ which tho 
improaaion received by a nervons centre through ilia aonaitive nerves 
is HgHJo reflected outward through the motor nerves, under the tbrm 
of a stimulus to moremeot. 

Ueciuen. Tho systematic regulation of the food and drink. 

BuLAKATieN. The inactive condiliau of a mnacle or a mnscokr 
fibre. 

Krnngt. The prepared tiaaiiea and Studs of the calf's stomach, 
r used for coagulating milk in the maun&ctare of cheese. 

Rbspiratioh {I., re, denoting repetition, and spiro, to breuthe). 
I Theprocesa by which the atmospheric air is introduced into tho lungs 
Ibr the renovation or arterialization i>f the blood. 

Retina (L. relis, a net), Tho roerabranona expansion of the optic 
nerve in the interior of tho eyeball. 

Boot of a Tooth. The elongated portion of Ae tooth which b im- 
bedded in tlie jaw. 

Saccharins. Containing or couEisting of sugar. 

Saliva. The fluid eecrction prodaced by various glanda and ponred 
iato the cavity of the mouth. 

Salivabv Gland. A gland which produces saliva. 

SoLEKOTio Coat (Gr. mXijpie, tk^i, hard). A firm and rciisling 
fibroas envelope, fotrning tho outer coat of the eyeball. 

Skbaceoob Matter (L. seham, tallow). A suljatajica of oleflginons 
compoaition, but nearly solid in conaistency, like tallow. 

Seobption (L. eecerita, teerebim, to aapflrato). The Eeparation or 
production from the blood of a fluid destined for a special jiurpose. 
The Snid so produced is also called a beobetion. 

Semicibculak ChtiKLi. Three narrow curved paaaages, excavated 
In the substance of ihepetrons bone, and communicBting with the cav- 
ity of the vestibule. They contain a clear colorless lymph, and a mem- 
branona sK corresponding to them in form, npon which a portion of 
the fllomenla of the auditoiy nerve are distributed. 

SEMtLCNAH Ganglion (L. Henri, half, and hna, the moon). An im- 

C'tant ganglion of the sympathetic nervous sy etem of a semilunar or 
f-moon shape, ntuBted behind the stomach. 

tSeuii-csAB Valves. The threa f^tnoned or bag-like valvea, of a 
half-moon shape, situated on each side of the hean, at the entrance 
of the great arteries. 

ISllMHATluH. The conscions perception of an Impresaion mode npon 
the nervouH system. 
Hknsitivk Kervons Fibrea. Thoae nen-oua fibres which convey 
Impreasions from without inward to the nervous centres 
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Serctm (L. ipram, whcj, bnttenoilk). The claar, waterr, amhcr- 
colored Huid which separales froin the dot after the coagalacion of die 
bluod. It cunljunB, beside water, alhnmen and nuneral aubstancee. 

Small iNTKsrtxE, The first twenty-five feet of the intestiiiB im- 
mediately fblldwing the stomach ; so colled on account of its nniill 
calibre, bdng oa\j an inch end a half in width. 

SoLAB Plexus (L. aol, the sod). A radiating plexus or netn-ork of 
gfrnpathetic Derrea, Bpreadingfrom tlic neighboriiood of the gemiiimar 
gtuigiioD oatwBtd, like the rajs of the soa, to be distributed to liie la- 
lions organs in tbe abdomeo. 

SoLECB Musde (L.). A mosde situated on the back pan of iha 
1(%, which assists the gaatrocnemias ia drawing the he^ npwud. 

Special Sense. A seittie by which we receive portinilar fensa- 
tions, differing from those of geoeral sensibilitj; sncli as tliose of sight, 
hearing, taste, and smell. 

SnsAL Cahal. a long caTity conlmning the spinal cord, indoeed 
in the boaes of the spinaJ column. 

Si'iNAL Column. The back-bone. 

Spinal Cokd, A cylindrical mass of nervous matter sitnated in 
the cavity of the spinal caiinl, connected with the brain above, and 
^ving oCT tbe spinal nerves from its two opposite sides. 

Spinal Nerves. The nerves conneeted with the spinal cord. 

SruiB. A projecting point or ridge of bone. 

Sflben. a very vascalor organ dtosted within the abdomen, nsai 
tb9 l<)f[ e>[(r(imity of the stomach, 

Steabwh (Gr. on'op, if ear, suet, lal). A fetty o 
stance, which when pure is solid at ordinary temperstnres. 

Stbrboscopb (Gr, oTtpiocsiBreDs, solid, and ucoirfiu.ntqpeti, to ex- 
amine). A box containing two different piccnres of the same olject, 
so amnged that, seen together, ^ey produce a deceptive appearance 
of solidity. 

Stiukup. The innermost of the three Email bones in the tynpo- 
nnm of tbe ear, having the form of a stirrup, and attached b * 
membrane of the oval Ibnestra- 

Striates Bodieb. Two oval ganglia liuated, one cm each 
at the under part of the cerebrum; so called becaose when cat _ _ 
they present a striated appearance, owing to tbe white nervooa fibres 
pasEing throngb the gray substance of the ganglion. 

Sobclavian Vein (L. svh, under, and cii™, a key). The great 
vein bringing bock the blood from the ann and side of the head ; sq 
called becanae it is situated underuoalh the claviclt or coUar-booe. 

StTBLisnuAL Gland (L. sa6, nnder, and Uagva, the tongue). A «•!- 
ivsry gland sitt;ated beneath tbe tongae. 

SroHAxiLLART Gloud (L. svh, under, and maxilla, tho jaw). 
salivary gland, situated beneath the angle of tbe jaw. 

SmpAtBGito Ngbvocs Systbk. That portion of tbe nervonB en- 
lem consisting of a double chain of small ganglia, situated in front of 
the spinal column, and the nerves belongiug thereto, by which a nerv 
ia established between the internal organa of m^ 
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Tempohai^ Artery. A BiniUl artery which pnssee iipworiJ juBt be- 
nealb tbo skin in front of the ear, an each side, to supply the temples. 

I'eUFOBiL Mosdc. A tan-shaped muscle, sicnated upou the side 
of the head (on the temples), and attached w (he lower jaw, which it 
mores from below upward. 

'r^NUOM. A Sbrous cord by which a muscle is attached to its 

Tbtanhs (Gr. t-iVowdc, tetanos, a stratching or extenaion). A dis- 
ease charauterized by severe convulsions of the voluntary muscles, in 
which the body end limhs are forcibly extended or straighienad. 

THAnuATBOFQ (Gr. Sav/ia, thauma, a wonder, and rpan-i), tropee, a 
ttimJQg). A toy consisting of a revoking card with a nnmber of pic- 
tares of the same object in difibrent poaitions, the effect of which is to 
make it appear as if the object were in rapid motion. 

Thoracic Duct (Gr. ^lupoE, thorax, (he chest). A narrow tnbe 
running from below upward within tho back part of the chest, which 
ia the miun Crunk of the lymphatic vessels. 

TiniA. The principal bone of [he leg, below the knee. 

Tic DocLouEEni (French), Literally, the" pBinfiilspSBiQ." Neu- 
ralgia of the ilfth cranial nerve or of some of its branches. 

Tissue. Any substance or texture in the bod; formed of various 
dements, such as cells, fibres, blood-vessels, etc. , interwoven with each 

Tbaohka (Gr. TpaxH", traehfia). The cartilaginous and mem- 
Iranoos tnbe leading downward from the larjns to the lop of Iho 
chest. The windpipe. 

Tbaodb. a short ridge-Uke elevation in the front border of the 
eiiernal ear, 

Tbanbitibios of the Blood (L. tranf, over, across, and /vnrlo, to 
pour). The operation of incrodudng fresh blood from the vessela of 
one Uving aniinal or man into those of another. 

Triobhinal Nerve (L. trte, three, and geminiis, alike). The fifth 
cranial nerve ; the great sensitive nerve of the &ce; called " trigemi- 
nal" becanae it divides, jnst before leaving the cavity of the cranium, 
into three nearly equal branches. 

Tkooulbahib Muscle (Gr. rpox"^*", (rocJifot, a pnlley). The up- 
per oblique muscle of the eyeball ; so called becaaie its tendon passes 
through a pulley-like ring. 

TouBB AMMOt-ARB (L.). Litarally. the "annular" or "ring-like 
swelling." A rounded protuberance of nervous matter, situated at the 
base of the brain, just w front of the medulla' oblongata. 

Ti7Biii.li. A little tabe. 

TpTtBTNATED Bones (L. larbo, a whirling or convolutJon), Three 
rolled or convoluted plates of bone attached to tlie outer wall of each 

Tthpasun of the Ear(L. lympanvm, a drum). Thu cavity of the 
ear situated between the labyrinth and the bottom of the external au- 
ditory meatus, closed iniemnlly by the membrane of the oval fenestra 
and cxtenudly by the membnine of tlie tympanum. 

L'uATE UP Soda. A substance formed of the coB 
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animal odd willi aodik, produced, like urcA, in the process of e> 
and discharged from Ihe body by the Iddnera. 

Urea. A anbetance prodnced in tbe process of oxcredon, and >^ 
charged from the body by lie kidneyg. 

Uvnti (L. ui'o, a grape). Literally, a ''Utile grape." A coniral 
Besby appendage attached to the lower border of the honing ptdote. 

Yaj-tclx CoxBivBsres. Tho Taly«-like folds or projections of 
the lining membrane of the small intestinB. 

Vascui-ab. Confining or belonging to blood-vessols. 

Vbib. a TBsael serving to ronvey the blood from the varions or- 
gans inward to the heart. 

Vexocs Blood. The daik-colored blood contained ia the liglit 
«de of the heart and tho voiiia of the general circolation. 

VBNriLATioK. The method by which the air is renewed in iipan- 
ments and dwellinga. 

VEMTBicLe (L. veatriciilai, a little Btomacfa). The larger and 
thicker chamber of tho beut, on each «ide, which receives the blood 
from the corresponding auricle and discharge? it into the artecf. 

VEirrmccLAB Volvea. The lolies situated in the heart at the oi- 
trance from the auricles to Che ventriclea. 

VnBiiic[n.AK Action (h. certnif, a worm). The muscular contrac- 
tion of certain puts of the alimentaly canal ; so called because it re- 
eemblea a crawling or worm-tike motion. 

Vgsiglb (L. venaila, t. little btndder). A small rounded sac or 
bag composed of a thin animal membrane. 

VESTiBtTLK. A rounded cliamber in the petroui bone, Eonning i 
portion of the hibyrioth. 

Villi (L. villas, hair, or [he nap of shoggy elolh). The minute fil- 
omentons projections from the inner surface of the lining membraiH 
of then ■'■ - ■'— 



behind the crystalline lens. 

Vocal Chords (L, dox, vods, the voice). Two elastic bands u( 
librons tissue, forming the lateral edges of the glottis. Their rib™- 
tions, commnnicaied to the air, prodace the eonnd of the Trace. 

Volition (L. volo, to will). The nervous act by which we intra- 
Anally excitB tlie muEcnIar contractions, 

WiaroM TRnTH. The four posterior molar teeth t so cnlled be- 
canse they do not moke their appeiorancD until the age of irom aena- 
leen to twenty years. 
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ofthemusdea, 36. 


310. 




of tlie tendons, 30, 


of the retina, 311. 




of the teoih, 90, 91. 


of the crystalline lens, 313, 




ofthes»Ii»B,94. 


of the nrascles of the eyeball. 




of the tongue, 95. 


335,336. 




aftbBgH8tricjuif<3,101. 


of the tears, 327. 




of ilie intestinal juice, 109. 


of the orbicularis muscle of 




of the pancreatic juice, 111. 


the eye. 328. 




of the villi of the intestine, 1 21. 


oftheMeibomean glands and 




of the lymphatic veeaels, 12S. 


tbeu- secretion, 338, 339. 




of the lirar, I3E. 






of the gall-bladder, 187. 


of the auditoiy nerve, 335. 




oftiie bile, 139. 


of the tympanum and chain 




of the blood globules, 149,173. 


of bones, 336. 




of the lungs, 160. 






of the diaphragm, 166. 


of the olfactory ner>-es, 313. 






of the gostatory nerve, 346. 




of the heart, ISD. 


oftha glosso-phalyngeal nerve, 




oftheaariele8,ie3. 


350. 




ortheTentricleB,183. 


Funnionj, doHBiflcalion of, X7. 




of the valv-Bs in the hoart, 187. 






of tha pBrspiration, 204. 


GAr.BN.fiinctionsofrecQrrentQerre 




of the nervous system, 327. 








Gall-bladder, 137. 




of tliQ nervona centres, or gan- 


Ganglion, 234. 




glia, 335. 


of the spinal cord, 249. 




of tho spinal nerves, 288. 


Gasserian. 357. 




of t],e spinal cord, 249. 






of the cranial narves, 256, 


264. 




of the fifth piur of wanial 


of thetuber unnulare. 284, 289. 




iien'es. 257. 








286, 291. 




of the temporal mtisclo, 260. 






of the mBsseter muscle, 2G0. 


of the sense of sight, 286,806. 




of the pterygoid mnsdet. 260. 


ophthalmic. 816. 




of the fatial nerve, 261. 


of Meckel, 345, 




ofthe third, fourth, and sixth 


Gas, oxygen, 158. 




pairs of cranifil nerves, 2B2. 
i 


cnrbonirndd, 77, 79. 174. 




L .. 


m-. 1 



^L 3<I2 INDEX. Tl 




Heart, involimtjiiy actioQ ot 1S9. 


^M Go»eri»n gauBUon, SuT. 


nerves of, 297, 299. 


^H Giutricjuice, 9!). 


HBa^ animal, 200. 


^M Kcrttion oE, 100. 


necessaiT to life, 202. ' 


^H ccmlpogitiunof, 101. 


«mn» of, 202. 


■^ action of, in digestion, 101, 




103. 




Rbmiduice of, 104. 


208. 


Gamrit tiibnlee, 99. 


ragnlatioD ot. by perqiirMicin. 


GiwtrocnemiDs muscle, 32. 


203-2ti;. 






acutenera ot, in differeni pons, 


Hepatic vein, 125. 


248. 


Hip-boue, 22. 




Humor, aqueODB, 317. 


of«qg«rin,B5. 


Ujalmdroemhrane of the oye,3i2. 


GUnd, parotid, 91. 


Hjdrflphobia, 2S2. 


SDbmflxillai7, 91. 




Bnblingiul,!)!. 


Hypoglossal nerve, 263. 


Btmcciire of, 215. 


1 


lachrymsl, 327. 


rnloncy, condition of the argaaa in, J 


Glanils, salivary, 91. 


aiu-aet. | 


perspiratory, 204. 


Inferior laryngefll nervB, 265. 


Meibomei.n,823. 




Glandnlea, mucons, of the month 


and in the food, 46. 






Globules of oil, 59. 




of milk, B3. 


how excited, 392. 


of the blood, US. 


luslinct. nature of, 290. 


Glotlis, elmctiire of, 3G9. 


IiitercDstal mascles, 167. 




Intestine, large. 88. 




Inte=line, small, 86. 


protection of, in deglatilion, 


secretion of, 109. 


272. 


perietaltic movement of. 1 12. 


action of, in the formiilioD of 


complete digestion of food in, 


the voice, 375. 


113. 


Glaten, C,i. 


villi of, 120. 


ofwheal flour, 77. 


veins of, 123. 


GidlBt, 86. 




GuBtatorj- nerre, a4*J. 


rotestinJjaiee,I09. 




action of, on starch, 110. 


847. 


Iris, 315. 






Hangitig palate, 268. 


51. 






lIelL:iortheeiu-,339. 


oftheelotti9,271. ' 


Heart, the, 183. 


of the conjunctiva, 830. 


different carities of, 184. 




movemenlB of. 185. 




circulation of blood Uiroueli, 


Juice, gastric, 99. 


186. 




valvcaof, 187. 188. 




^^^HM 




^^^^^^^^^^^^^H 


^* 



W INDEX, 39:) T 




Lungs, distribution of lilood-veaaela i 


1 Emetine, 213. 


WciUation Ihroogh, 172, 186. ' 






1 Lnbjrinth, S33. 


nerve in, 276, 


1 LachiymaJ canals, 329. 


Lymph, 128. 


Lachrjmal glttnd, 327. 


Lymphatic vessels, 127-130. 


LacieaJa, 127. 




and lymphttties, 130. 


Magnesia, combinations ot in the 


Lactic acid in aouring milk, G6. 


food, 51. 


in gastric juice, 101. 


Mullet, 336. 


Large iiittsdoe, 38. 




Larynx, lul. 


Manw of the bones, 20. 


nerves at, 2M, 265. 


Massefer musale, 260. 


«n.ceareof,269. 


Hostication, 68. 


moTementB of, in respiration, 


organs of, 39. 


270. 






action of the tougne in, 9fi. 


274. 


effect of, on the food, 96. 




muscles of, 260. 






fDacd»mof,313. 


Meat, 72. 


Ltebbrkubm, fblliclM of, 109. 




Ligaments, 21. 


effect of cooking on, 73. 


elastic, Z*. 


Meokbl, ganglion of, 345. 


Lime in the bones, 10. 




proportion of, in different tis- 


stmctnre of, 383, 


sne»andflmds,50. 


fiuiction of. 290. 


in tiie food, El. 


Meibomean glands, 328. 


in the blood, 146. 




Lininftmembnineoftbe month, 92. 


Membrane, hyaloid, of the aye, 


ofthe stomach, 98. 


3iy. 


ofthe amall intestine, lOO, IIO. 


Uembrane, lininir, of the mouth. 


ofthBp!iaiTnx,2C7. 
ofthe laryn:i, 271. 


92. 


ofthe stomach, 98. 


oflheejelidB,327. 


ofthe small intestine, 109, 119. 


ofthe nasal passages, 343. 


of the pharynx, 267. 


Liver, 134. 


of the larynx, 371. 


Bitunaon and vascnlaritj' of. 


oflhpevelids,327. 


134. 


of the nasal passages, 343. 


Btnitlure and secretion of, 1 3r., 




dislnhution of portal vein in, 


variations in tetuion of, 83S. i 


124. 


Memory, 287. 




Mesentery, 129. 


Lobdei ofthe liver, 136. 




oftlielanBS,16a. 


forraentation and souring of. 


of « gland, 216. 


6S. 


Lungs, 100. 


digestion of. 104. 


itractuTBofjei-iea. 


Milk globules, 62. 




Milk teeth, 364. 


elnaticilv of. Ifi7. 


shedding of, aea. 


. 


-i 



I 



oftbatong 

oflbebryax, 36a. 
Motor DemHU fihrei»,SS4. 
Uotor portion of Hie fifth p 

cnraul oerrtt, 2S9. 
ilaa(b,a6. 

prapantionof the tiwdin,7S. 
HoTomenia of walking 33. 

of niimiiig.S4. 

of letting, 34, 85. 

of mactiMtioD, 91. 

ordc^utitkiii,98. 
risultic, ofthe gtomadi, lOa 



ofth 



I1& 



of respiradon, 
of the bean, lbi>. 
ofcxpreaMon, 261. 
of the glottis 

ofthe pupil, 316. 
of the eyeball, S25. 

or(hecjelid«,326, 
MneouB gUndulea ofthe m 




olfitctoi?, &13. 
. gnstatoiT, 346. 

gloeso-phaJTiigea], 35a 
Serve wOls, 3a4. 
Xenes, spinal, 338. 

iutercoEtal and phronic, 2t(>. 

cranial, 256. 

of the CTeball. 362. 

ufthelarjiis,36i,26S, 



rulnxation of, E7. 



of, 30. 
protective i 



: and mechnabm 



of Oxpreanion, 261, 
(ifilei-Iutition, 266. 
of the hanging palate, 268. 
ofthe eyeball. 32G, 

of the honeti of the tytnpannnt. 



(rf special tenae, 306. 
dlioi7,3l7. 

NeiTous cBOtre, 234. 
NBTTUiis fibrea, 228. 

structure of, 229. 

irritability ot, ZSSt. 

senaitiTe, 238. 

mot^, 23i. 
Nervons system, general atnutiut 
and functiana o^ S27. 

reflex action of, 235. 

cerebro-9|dDal, 2SS-294. 

Eympalhetic, 297. 

of the infiint, 363. 
Network, capillai7, 193. 
Neuralgia, 3G9. 
Neurilemma, 2S0. 
Nitrogen, ISO. 

NucIqus of nerve t^lla, 234. 
Nutrition, functions of, xv. 

deBnitionof, 210. 





EX. 395 


^B (Esophngiia, peristaltic action of, 


Pancreatine, 111. 


w 


properties and action of, 1 1 2. 


m OU gluLnles, Q9. 


Par vagum, 264. See •'Pneiimo- 


■ oft!ie1iTercel]s,6Z. 


gaatric nerye." 


■ of milk, 62. 


Paralyflis, 289. 




from injury of the spina! cord, 


"FatB.- 


243. 


Oloiae, fi7. 


from iojory of the brun, 3*5. 


01facWr7nervM,8«. 


of llio intercostal musclea, 2*7. 


difltribution of, 3«3. 


of tbe diaphragm, 2*7. 


Ophthalmic ganglion, 316. 


oflhefiice,36a. 


action of; 317. 


Pani].lBgia, 344. 


Optic foranjBn, 806. 


Parotid gbind, 91. 


Optic nerves, 806. 


Passages, air, 161. 


decuesatioa of, SOT. 


nasal, 342. 


wrmioation of, in the relina. 


PelviB, 22, 


808. 


of [be infant, 361. 


Optic thulnnil, 285. 


ossiflcnlion of, 367. 


Optic tubercles, 306. 


Pepeine, 101. 


reflex action in, 308. 


action of, in digestion, 103. 


Otbicularia muscle of the eye. 




328. 


97. 


Orbit oftheeje, 809. 


oflbe stomach, 100. ^ 




of the buihII intestine, 112. 


of Ihe voice, 27*, 




of Ilia mind, 286. 




Dftheugbt,30». 


function of, 205, 206. 




daily qnanlity of, 207. 


of smell, 348. 




of taste, 846. ■ 


Petrous bone, 333. 


Organs of digestion, 86. 


Pharynx, BO. 


of respiration, 160, 


nerves of, 26*. 


of circobition, 182. 


constriclors of, 266. 


ofEecration,SlQ. 


Pharyngeal branch of the pnenmo- 


imited action of, 227. 


gaatric nerve, 26*. 




Phrenio nerves, 247. 


Ortteine, 213. 
Oxjgan. 158, 


Pliysiology, definition of, 13. 




Plexus, arterial, of the sympathetic 




nerveg, 298. 


170. 


solar, 298. 


qoanti^ of, consoraed In res- 


Pneoraogastric nerve, 203. 


piralion, 178. 


pharyngeal and laryngeal 




branches of, 26*, 265. 


Palate, huipng, 2e,8. 


action of. in swoUowing, 26C. 






eecretianof, no. 


276. 


Pancreatic duct, 88. 


lo the stomach, 277. 


Pancreatic iidce, 1 10. 


Pons Varolii, 28*. 




Portal vein, 123. 








^K^L-^^ 



^lOtt INDEX. V 


Fatash, oouiliinations of, in the 




food, fil. 


Bed globules of the blood, 148. 


I'ressure on iho hlood in tho nr- 


Reflex action of the norvooB lys- 


leries, 192, IH3. 


tem,235. 




of the spinal cord, 250. 


deglutition, 2(17. 


of deglutition, 266. 


of tbo glottiB during dfiglQti- 




tioD, 3T2. 




from injury by cold sad wet. 


of the sympathetic system, 303. 


301. 


of the optic tubercles, 308, 3! G. 


of the eyeball from meclmniefJ 


of winking, 328. 


injury, 326. 


Relaxation of lie maBcles, 27. 


of tha heart, 186. 1 




Rennet, 76. J 


Pterrgoid mnBcles, 260. 


Repose, necessity far, 39. ■ 


PlyftUne, 93. 




I'ulmonnry orteiy, 184. 


organs of, 160. 


rnlmonary veins, 18i. 


movements .of, 164. 


Pnlse, lyi. 


frequency of; 1G!>. 


rapidilyttndcha™cteTBor,19?. 


quanti^ of air nsed in. 169. 


l>ul^ti(ni of tbe beart, 185. 


changea of the air in, 170. 


VtheaTtariea,101. 


change of the blood in, 171. 


I'upiioflheeyf!,316. 


action of theblood globules in, 


Benaibilivr of, 309. 


173. 


rnQTODients of, 91C,. 


ovolntioQ cf carbonic acid in. 




174. 


tion, 303. 


exhalation of water and ani- 


PnlrefectioQ, (36. 


ami vapora in, 1 75. 


warmth and moisturo neces- 




Bflry for, fiZ. 




Pylorus, 8G. 


movements of the glottis in. 


Quantity of blood in the body. 


nervous centre ot, 290. 


15.5. 


reflex nature of; 2»2. 


Quantity, daily, of food, 81. 




of8a!iTa,93. 


che«t,iG4. 


ofgastrie juice, 104. 


ofthe^otti8,270. 


of bile, 139. 


Retina, 311. 


of air used in respiration, 169. 


termination of ojilie nerve in. 


of onygen consumed, 173. 


3U8. 


of earbonic add exhaled, 1 74. 


Reunion of dinded norvcis, 240 


of perepiralion, 207. 


lUbs, 166. 


of urea prodncad by excretion, 




219. 


167. M 




Boots of the spinal nerres, setm- H 


Radial artet7, 192. 


tive and motor, 240. ■ 


Rsabeorptionofthedigeslirefliuda, 


Running, movements of, 341. H 


Reason, 288. 


Saliva, 01. H 


BecepiacnlumchyU, 129. 


secrou'ou of, 02. ^H 


Becifini, 88. 







^M SuliTi, liflily qnantity of, 94. 


Sight, organ of, HI. n. 


H function of, iH. 




H Salivfliy glflnOa, i>J. 


Skeleton, 21. 






■ food, 48, 


elasticity otsr.. 


B proportion of, in the tisEaea 


oasilication of, 360. 


and fluids, 4S. 


Skull, 22. 




cfthe infant, 360. 


in the blood, 14U. 


ossification of, 361. 


Salts, biliary, 138. 


Small intestine, 86. 


^^ cryBWllizaElonor, 13SI. 


entrance of food into, 1 08. 




Becretion of, 109. 


^B tine, 140. 




^B Sclerotic coat oflhoeyobaU, 309, 


digestion in, 110-116. 


^F Bebateoua matter of the skin, Z07. 




^ ofthe eyelids, 829. 


vilU of. 120. 


" Secretion, 214. 


lymphaticaof, 128. 


of the saliva, 92. 


Smeil, sense of; 341. 


of tha gaetric jaice, 99, 100. 


nervea of, 343. 


1 of the intestJQBl juice, 109. 




^m of the bile, 135. 


51. 




in the biliary salts, 138. 


^P of the tears, 3l>T. 


iOTteof,a30. 


^ oftheMeiboraeflt.giands,329. 


Solar plexus of the sympathetic 




nerv»,2H8. 


Semilanor ganglion of the Bympa' 


Soleus muscle, 32, 


ihetic nerie, 298. 


Solidity and projeclian, apprecia- 




tion of, by the eyes, 820. 


H ganglion of, 2S8. 




^m Beiue of touch, 247, 248. 


Special sense, nerves of, 305. • 


B of sight, 306. 


organs of, 306. 


^B of hearing, 333. 




^B orBmeU,341. 


Spinal canal, 281. 


H of taste, 846. 


Spinal column, 21. 




ofihein&nt,360. 




oasiBcatbn of, 361. 


■ ont partR, £17. 


Spinal cord, 230. 


H to h^ and 'cold, 249. 


fonn and scmctnre of, 34 1, 242. 


effects ofinjury to, 343. 


■ Dfthernce.2;;T,3.''.g. 




■ oftheglottiB,271. 




^B ortbepapU,309. 


249. 


^H oftheG«njancttva,330. 


reflex action of, 350. 


^H Sensitive nerves of the ^e, 25S, 


Spmal nerves, 281. 


^H of the larynx, 264. 


distribntion and fnoctioBs of. 


^F Benntive nvrvons flbrea, 333. 


238. 


^ Serum, l.'.l. 


efloclH of injury to, 339. 


Seventh pair of cranial nerves, 2G1. 


reunion of, after diviBion, 240. 


Sheath oflhenertM, 230. 


sensitive and motor roots of. 


Sight. Bflusa of, 806. 


. ^^ 



^F 308 ixbsx. ^ 


^1 Spina] nen-eH, lerroimitioD of. in 


Taste, nses of, 348. 


H tlio bruD, 243. 


associated with ibo »«ise of 


H Smdi. 51. 


toach, 95, 96, 34B. 


^1 of the polato, 52. 


Tears, secretion of, 327. 


H orwheBta<}ur,G2. 


passage of, into the nostrik, 


^^^ of ludian com, £8. 


829. 




Teetii, 89. 


^m of food. 53. 


incisor, 90. 


B effectofUHliDKon,54. 


canine, 90. 




molar, 90. 


^ chMige of,iii breod-making, 78. 


Aral appearance ot, 3C3. 


digestion of; 100. 


fini set of, 364. 


Stearine, TiT. 


second set of, 367. 




Temperature of the uit«rioir of the 




hodj, aoi. 


Sdrrup, 336. 


Temporal artery, 192. 


Stomach, 86. 


Temporsl muscle, 26a 
Tendon of AchiUea, 82. 


lining mamlirane of, 98. 


SBcretion of, 99. 


Tendons, 80. 


peristaltic action of, 100. 


Tetanus, 252. 




Thaumatrope, 324. 


nem to, 27(i. 


Thigh -bono, 23. 




nioradcdnct,127. 


nBn-eoD,277. 


Tibia, 23. 






Striated bodies, 285. 


rissoe, cellular, 26. 


Siiblingna] gland, 91. 


adipose, 61. 


SabmnxilkiT gland, 91. 


Tongue, action of, in masticatiDn, 


Sugar, 55. 


95. 


dificnmt vaneciea of, 56. 


sensibililT oi; Ss, 96, 2S7, 346, 


quantity of, in variona kinds 


349. 


of food, 66. 


distribution of nerves, nji, 346, 


fenneatalion of, 56. 


347, 350, 




Touch, sense of, 247, 248. 


57. 


in the tongue, 96, 349. 


formation of, in the liver, lil. 


Trachea, 161. 


absorption and decomposition 


Tragns.839. 


of, 142. 




Snperior laryngeal nerve, 264. 




SwaUowing, 97. See "Degluti- 


Trocblearis muscle of the e^ebtXL, 




Tube, Eustachian, 336. 


nition and fnnotions of, 294. 


Tuber annulare, 28*. 




funciions of, 288. 


mflneace of, on the intemni 




organs, 300. 




sluggish and continned action 




of, 300. 


Urate of soda, 320. 


reflex action of, 802. 


Urea, 219. 


Taste, sense of. 846. 


bow produced and digcharmyl . 




319,220. 
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Uvula, 268. 

Valves of the heart, 187-189. 

of the veins, 196. 
ValvulflB conniventes, 120. 
Vapor, n,Tiima1, discharged with the 

breath, 176. 
Varolius, bridge of, 284. 
Vegetables, preparation of, by cook- 
ing, 81. 
Vein, portal, 123. 

hepatic, 125. 

subclavian, 128. 
Veins, puhnonary, 184. 

movement of the blood in, 1 95. 

valves of, 196. 
Venous blood, 171. 

change of, in respiration, 172. 
Ventilation, necessity for, 175. 

means of, 176. 
Ventricles of the heart, 183, 184. 
Vermicular action, 97. 
Vestibule of the internal ear, 333. 
Villi of the intestine, 53. 

absorption by, 121. 
Vision, organ of, 309. 

with and without a crystalline 
lens, 313. 

field of, 317. 

line of distinct, 317. 

single and double, 319, 320. 

with both eyes, 319, 321. 
Visual impressions, persistence of^ 
323. 

ef internal origin, 324. 



Vitreous body of the eye, 312. 
Vocal chords, 269. ■ 

action of, in formation of the 
voice, 275. 
Vocal sounds, how produced, 274. 
Voice, formation of, 274. 
Volition, 288, 289. 

Walking, movements of, 32. 
Washing, necessity for, 207. 
Water, 46. 

proportion of, in the animal 

tissues and fluids, 47. 
daily quantity of, required, 47, 

48. 
discharge of, from the body, 

48. 
in the blood, 146. 
exhalation o^ with the breath, 
175. 

with the perspiration, 207. 
White globules of the blood, 150. 
Wine, 78. 

fermentation of, 79. 
sparkling or efiervescent, 80. 
Winking, 327. 

how performed, 328. 
Wisdom teeth, 367. 

Yeast, vegetable growth of, 71 . 
Youth, transition from childhood 

to, 367. 
development of the organs in, 

367, 368. 
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signed as a Complemeut to the Works of the British Poets, and embracing 
nearly all the Ancient and Traditionary Ballads both of England and 
Scotland, in all the important varieties of form in which they are extant, 
with Notices of the kindred Ballads of other Nations. Edited by F. J. 
Child, new Edition, revised by the Editor. 8 vols. fcap. cloth, Zs. 6d. each. 

Life Portraits of Shakspeare ; with an Examination of the 
Authenticity, and a History of the various Representations of the Poet. 
Illustrated by Photographs of authentic and received Portraits. Square 
8vo. 21s. ; or with Photograph of the Will, 25s. 

Richmond and its Inhabitants, from the Olden Time. With 
Memoirs and Notes by Richard Crisp. With Illustrations. Post 8vo. 
10s. 6d. 

The Complete Poetical Works of John Milton, with a Life of the 
Author : and a Verbal Index containing upwards of 20,000 references to 
all the Poems. By Charles Dexter Cleveland. New Edition. 8vo. 12s. 

Her Majesty's Mails : a History of the Post Office, and an 
Industrial Account of its Present Condition. By Wm. Lewins, of the 
General Post Office. 2nd edition, revised, and enlarged, with a Photo- 
graphic Portrait of Sir Rowland Hill. Small post 8vo. 6s. 

" We decidedly wanted a good consecutive history of the rise and progress 
of the Post-office in this country, in coiuiection both with the jmblic re- 
quirements a?id with the revalue ; and tee bear our cordial testimony to 
the great care and diligence which hai'e clearly been bestowed by Mr. 
Lewins on what woidd seem to have been to him a labour of love. ' Her 
Majesty's Mails ' deserves to take its stand as a really useful book of re- 
ference on the history of the Post. We heartily recommend it as a 
thoroughly careful -performance." — Saturday Review. 

" In conclusion, we have only to say that Mr. Leioins's book is a most 
useful and complete one — one that should be put into the hands of every 
young Englishman and foreigner desiring to know how our institutions 
yrou?."— Reader. 



A Histarj of Bankji for Savings ; including a full HCCDunt of tt.a 

wiTirmi°L6m'MiTulhor ot " Her 3S»ieilr^<''MKii.'^° Svo.^foTh'!'™!^. ' 
The Origin Rnd History of the English Langu^e, and of the 

MiniBLer Kt TnriD. Anthul of " LntDrcs no tba EngLiah LiingDBge." 

Lectures on (he English language ; formiDg (he Introductory 
TUi^theMJru^DpaedTtim. *"™° 

Miinsnd Natura ; or, Physical Geography na Modified by Human 
Actian. B7 Onirga P, Munh.ADlliiicDf'LKtaruiiii the Epgliab Lui- 
gDHIfB,'* &c. 0VO. cloth, \ill, 

•■Mr. Harsh. aiU kurnm lu the rmthor of two of tht nuut ich^rly 
works jfet ptibiMed on Vk Eitglish lanrpttige. gBta himtetf in ercelleHt 
tpirU, tad Kith invnatJK Uaraii^, to indicate the chafortet, tad, apprtai- 
iKaUla,thaa±aaiiflJuduaaapTtidHerdl^hmnantidKtiaitJiephj/BB^ 
eoiuUtuM of ^ ^tibe we mhaha. Jn tOKf divitioiu t^ Atf Kwkt Mr. 
MarA traes tht hiiiory ig Aiovn indantry at Aatm ut th» atauiti 
wadifictaitm and aiirpt^i^ ofaniBuUaKdvaeiaAitt^&tduvflioiU, Uu 
icattn, anil tie landt; and, is a conrbidixg Anjtitr, he diaaases Uiepn- 
tmbie ttnd pMuA^ grofrraphwnl rfinngea yet to 6b torimffhi, 2he KheU Of 
Mr .V irsVs limk ts nn rhii/uisiil Ami'uv/ 0/ ths duty qf curt IM the UtaS- 
!i.thMi:i,! «f hari\i.'mij Mii-fii iii'm-i li/f nid Ou forea tif aatm, ntaia 

life.iiihlllii-Bilit'TtUj 0/ ll\r cli:D,ile,_oii irlmhKe hme to dtftnd ftr (At 

Dr. W.ircealcc'a New and Greatly Bolargod Dictionary of the 
Engliflh Lanoaafe. Adapled fur Llbrmry DrOatlegB R^vreocp, campriH- 

than tha Qnmrta Edlcfoa oT Wnbeter'B DictLoiar)'. la one Vummfl* rojal 
ilo, elolh. I,S34 pp. price 31f. id. Half nuBit, !J. 3a. The Cbe^ieit 
Bmb ever poblished. 

The Ladies' Header i with some Plain and Simple Rules and In- 

tnr Eurein. ^atmrac -V^aAtahns! U.i.., 'hotba ct " tba Art at Ele- 
collen." Pnp. eTD. Clelfa.bi. 

The Clerical Assistant ; an Elocutionary Oaide to the Reading 
of the BPiiptores uid the LilorfT. eerenS puugu btiixg nuikcd tor 
Pitrh UDd Bmphuia : «i1h wme DbierrKdiiiii na CJFiioal Broiuhitsi. 
Bf OeoDie TudenhoB', MA. Fcsp, Svo, Cloth, Si. 9d. 

The Art of Elocution as an essential part of Khetortn, with In- 
•trgeUoiu In GeHnre. uil an Appendix of OraUrirEl. FiHtieiil nod Dn- 
mitls FitrKTli. Br Glmrire Vandf Dheff. U A, Thini Edition. Ii. 

An English OratDmnr. By Matthew Green. New edilioa re- 
Timf. lano, elotb. It. Bd. 

La(in-Eng1ishLexiaan,by Dr.AndrewB. NewEdition. 8to. I81, 
The nperlarilT of ali iullr-funud Ivxinin 1> retained orer ill othen 
bT tba fUlD« of 1(1 DiutBtlani. Ibe iai^lnitiiiii ia Iba voatbaluT proper 
Bunea. (he dittiniTdilMaK HbelhcF the durimSva it dIwhIciI or othcrwiH, 
the EUf tnen or the reltireiuu* l« Ihe urlgiaeJ ntbnn. and iu the ptl». 
" /Swj pageiatm HeiiiipKMo/iiirfmlliKnHloirf."— Atben»iuB. 
" TV Mil Lafia DIetiaurry, whether for the anholar or adaacid «■- 
dent ,"— 'SpMtatDr. 
" B'(B«w<Bii'»f*a»i»*p»Wl«*nJn<B":*npnm."— Km 



J 



Sampion Low and Co.'t 



ThB Fana and Fruit of Old. From Virgil. By a Market Gar- 
Usque ad Ccelnm ; or, tbe Dwellings of the People. By llioinas 

A Few Hints on pruTing Wills, ttc, wilhnnt professional assiaE- 

M«. Ej K ProbiM-Coart Offlpi'al. Fc»p. tlolh, M. 
A Handbook lo the Charities of London. Comprising an 



The Charities of London : an Account of the Origin, Operations, 

and geaenl Condltioii ol Ihg ClurilibLE. EdnnUonal. wad Reiigicnt 

mcDctd IBse}. 'With ui AlphabetJFBJ SBminu7 of Ibe whole conHied 
to April. I8«I. Cloth, e<. 
Prince Albert's Golden Precepts. Siamd Editiint, wit^ Photo- 
ETKph, A MemoTial cf (he PnnFc Cnnurt; compriiuiK MbxIdu ud 
EktrkctB fmn Addmaea of His Ule RoyiU Uiflbnno- Many- now far 
theantUDie<:Dll»^tpdiindou¥rDlljuT>iiBcd. Witbulndu. BoTml 
Ifimo. bnntifnll; prinlEd oa todfd paper. dDl]l, Rill cdgei. 2l. M. 

Our Little Ones in Heaven : ThauebtB in Prose and Verse, se- 
iMted IVom tbe Writings tJ faronrite Authors; with Frantupiece Hltvr 
Bit JmbDii BcrnaldB. Frap. Bto. [loth eitm, S). M 

Rural Essays. With Practical Hints on Farming and Agricul- 

Tho Biiok of the Hand ; or, the Science of Modem Palmistry. 
ChirtVy sccordisc to the SyBteDU of D'Arponlign}' lud Dnbirallee. Bj 

On the Preservation of Commona in the Neighbonrhood of Loo- 






e, K>q., Lewirbntn : 



rbifon; Edgu- Lockbi 






The Bayard Series. 

CHOICE COMPANIONABLE BOOKS FOB HOME AND ABROAD, 

HIBTOEY, BIOORAPHT. TRAVEL, EBBAVB, N0TELETTE8, ETC. 
Which, QDder an Editor of known taste and ability, will be very 
choicely printed at the Chiswiclt Press; with Vignette Title-page, 
Notes, ood Index ; the aim being lo insnre permmient value, - 
well as present atCraodveitesB, and to render each volume an i 
quijition to the libraries of a new generation of readers. Size, _ 
handsome ISmo. bound ficxiblo in cloth extra, gilt edges, 
averaging; about 2S0 pages. 
Each Volume, complete in itself, price Half-a-crown. 



Mctiaa and ImlBs bj cbe Editor. 



as dasTTt^ d ti om lil not only in 
entry day . -^- -■-" ' 



^^d^' 



great Patt 



■fl 40 Jj. OS PTM 

her/oT /mught or for bj 



OJ 9^ Mid 



F B8T 

A compilation frrm tht bat nmTpet of thit great man i threicd and 
qftM propktUc thong/iUi/arinag thibat aiacrlffca/tAcmatcilnanli- 
narg Bum qfjAodttm tunes. 

Amoagat ptW Votumft in pnparation art 
TATHEK, b; Willuun Beckford. 
CAVALIER BALLADS, by Professor Morloy. 
UTOPIA, bj Sir Tliomaa More. 
RAS3ELAS, by Dr. Johnson. 

" ^ the pubHikm go on as thty have begun, ttiey will June fumMedVB 
leitk one qftii mial oaiiaUeandattraitiviienaitfliiiokttAalhari ntr 
ton iiaadfma titptat." — Hniiriiif Timiw. 

" I'Aire Au, iwAopi, Hecer tsenpraiutd anytMug more admirabit 
titlier « rtgima maffer or iiiaiMiir,"^Ui[rard TIiom. 

-•The Baiiard3iriei'uaperfitt<naTvel(jfrliKipneaajidq/eiqniite 
tatlein tht Sindiiiff and getting up. Ifii hope at-" " - " ■ ■" - ''' 
eiUe maneit qf choice liltratura vriit be u/td^ig nnc 



Sampson Low and Co.'a 



The Gentle Life Series. 



Pria 6(. eatk; • 



nealftx 



I. 6(2. 



I THE OENTLE LIFE. Ebsojs in Aid of the FormalioD of 

* CbiTKlerofOnitleinenaiiaGratlewooieii. Sevealb Edition. 

TheviJviiBU9 aipiial apvvnxn i^ vjkat vutybe done by hpnat reagprn, 
Migh feeKng, and culUvpUd inUUat. . . . A little annpatdinn of 

'* lievnvt to M praiietf in Iffttert of gold, and drcuiatBd in tvery 



ABOUT IN THE WOBLD. EBfiavs by the Author of '■ The 

GenllH Ule." 
"Jtit not ftujf to open it at ant/ page wiihovt finding Bime happj/ i^Ua'^ 

^^AnolKpT cArrmrtfriHic merit of tAaeamxig, tAitt they taoAe it tA^ 
buaneB/, genttg but finnty, to oppty tlu qitatifiattians and the ctrrreetione, 
which alipkUanthr^io fAeorits, attgeneral ma or maimta, or princij4at 

III. 
FAMILIAR WORDS, An Index Verborum, or Quotation 

Ihul haie hHome embedded in Ibe Eiwllili ItnguUHC. Secoiid ud bh- 
litgrA Edil'ou. 

" The laost frfeiuiTe dictionary qfquiitalioti vre hove met k-tM."— Nmu 
•ud Qaeries. 

" Shimid be on erery libntrg table, hy the aide of ' JtoffcFn TheMatma/ " 



LIKE UNTO CmUST. Anew translation of the "De Imita- 

tione Cbiini," DiD^lf nioribsd to Tbcusu i Keiopia. With % TjgBBiu 
ironj ui OrtginKl DrkAiog hy Sir Tbomiu LanrfDce. 
"Could not be prosentrd ui a more erguisite for7n,for a mi/re MighUy 

" 3^ preHminiiry cany it icell'itritten, good, and iaterestiHa," 

BUnrdi^Beview. 

*' £irincAr odewideRf jcholarthip, a jrrofovRd feeling frrr the or^fiiaf, 
and a nwnte t^ention to delicale thadet of erpretaiaii, v.'hidt wnoy kvA 
make it aeeeptable even to those teha eon enjoy the work wilhoiit a frtaia- 



id ill pervial i( colcvtaled 




LUi of PubKeationt. 



THE COUNi'I>s I 



;'ADIA. Written 



n, na'l ti''r , ■■■'■.■ ■ 'fi iii i?i fAc orimMiit, i/y 

al t'lu jL-caUia in tin 



I'Sr 



., ■piMMrrforttmnclTBnttygnKrfvi 

ihich tkt took apfXTtl—taOa tiitorfOfthi core hi /uabatucsl 
'" Ulwaru UiMstratioK. Thein^rquenia-''*'*^'^'*'-*''' 
... — ^.„ ... ™ » —ibyUT.JoK 



, Jrcadia by St W. ^liaaiutcr, ^ W. B., and by lir. Jokudont. am al 
■TtjrxtBi. oOar viierp<Ai^9in Kane bttKrsit/lBain,if Kit mlirtljj nrt mil 
ubaBltti lEotdt aatd waiga arc annmatled M ui imriHct nuts, awl Ocn i 



"(■jW alphnieliailiiuUxiQaL 



axp6Hihte." — Lftflury Ohori^liiiwJi. 

THE GENTLE LIEB. Seoond Series. 

" There ijt not n "tHffie tAiivght in (V valtivu that dots net contrUadt m 



- -.„ lAcfurmn. 



YIIl. 



VAKIAi Rpodinga from Kare Booba. Raprintoc), by permis- 

>Edu. trttn l\t6 S^hnfny RrPiew. Speda/OTj 4c. 

I)r. loba Fsniliii, QuevFiJo. Msd, Outod, FsmceliDi. Havel) tha 
TriLfcller, MichHl en.tt, LodDolGb Unnletoii. Sir ThgiDu Bnwne, 
QBorgc l^ilmanuu', The Hlgbnarnicii, Thu 8pidt World. 

" An airvnety jirrtty and ajp-fftible eohimt. We c/in xfnmgljf neotH' 
mend it to any one mho luis a finci/ for tht trye-wyi of titerotvre^" — 

A CONCORDANCE OB VEItBAL INDEX tr> the whole of 
By Ch.fl™ D. ClBTBUnd, LL.Il'™WiVvTgnB'te PiBtroit of MHIoii! 

- An iaxalmble Indiz. KMeh tie jndiliiKtri han done a pMis irrvia 
inrfWinlws-"—ybXa aaA QaBriu. 

" By the adnirm </ Millim He iaok teSl k Av/My tipprrriattd, tut ill 
dti^Bftluetedl, ^uemialakeiiatyliefnaid in the fait thai itieaeamjiect 
nxird-boak if tht Engllth 'nnimn^.''— HcmrL 

THE SILENT HOUE , EsMvi, Original and Selected. By 
Ibn Aolhor bfThe Gmlle Life.-' 

































Jereinj Tsylor. 




; irhbSw's^ 










iHBk Willan. 1 



iH^wlltTn. ^^^^H 
and Bdilioii Niirly tetA^^^^^^ 

S J 



Sampion Low and Co.'e 



M&vr II>I.VSTBATBD WORKS. 

JBE STOEV WITHOUT AN EKD. 




rr titn her acatunmtii po 
ilila-^iera 



nf tmtlKal ana aiulfaMy. U b diMetlt Id 

iv on » itHcnl^ boit^, but ice annnt 

jl^ paiitting iml mttrat that itri/m w vrpauiUy. . . . But ii it quitm 

a> ixk iti^^tkeg icisK lata a frrftel daeloBmcKt of Ihtgraa.finicy, 
ioi4trutv™'Blginiiu/iirKAic*thi:piri<n-Ha/E f. £. Aoce long ttm 



arc u«rfAy ef tke i 






llliumtsd T1 

Child's Flsf. Printed in ric-timili; frooi Waler-Caranr Si 



Chiiicfl Editions of Choice Boiiks. New EditioDS. HIiiBtmtetl by 
C. W, Cope, R.A,. T. Crenrick. R.A., Ednrd Sudfu. Birbel Fnsla, 



J. C. Honln', A. R, A., Qsiirn Hiclis, R. BeiluTKTe, RA., C. SloacbD 
F. Tiller, Gcorgs Thunui, H. J. Tcnnuhend. E. U. Wefaaert, I 
ri»n Weir, la. Croini gvo, dolfa. &>. eicli ; ccDr. lOi. Si;!. 

innudBi 
lynn'i Uir Qaeea, 






Q»r'> ElegT is ■ ChanhyBTd. 



Woidntiirtli'i Pulon 



ttHoltnf pmU are f^ life mtd nature, sca^^ Uam toio^at itatitre tiU 
tiaiy/ifbjf tSese aavmtratfd tpecimena ofherOGntty." — Athraieiim. 

The Pyreneea; % Description of Sumraer Life at Preoch 
W.trrlM Pl«u. BrHcnryB1»<.Vbnn>,»olh=rof"Tnive1l(OKinSp,lo 
ID Ihe Anmt DST," Witb DpntdB sf lOO llldBtrKtiou b^ Biutan 
Udte. Bof bI fro, tloth, ISt. ; aameoB. let. 

Tnivolling in Spain in the present day b 
Ch,oil=£*n. ri7,h, «n.^ jfnth=r With . 



List of ^Mieationi, 



K^fHEROYALCOOKBRrBOOK. Bt Jules Gocffe 

}^l^ ChrfdeCniiioeDf the Porii Jdc'1lC7 Club. TraoBUud sod 

vJUM AdipledforEnjiirifinHi. By Alphouso Oooffe. Held Pajfrj- 

i^iSjl rDut u Her SlBjMty Iha QuCEu. lUnilrslFd with lurn 

•*'^=*' PJ>t« bciotifallf prlDLed in CoLoiini, Bud Oii> Hundred ind 

Si«r-Olie Woodcntn. Ooi IDlnme, iBper-nrti Sra, rlulh clUll. 31. 3l. 

" Jida GMff'i, Hf mail rmournnl oacfcr d( boDcIus rjf tht pRucnl r^ 

Aon vritten by/ttr rA? lA'fjt irnd noit compute icork on Cookery lAat tn$ 

flwr beenniHHitXedtoVugaitronsiiticviaTld. ItwdifficHttloviyifhieh it 

miMiiiiinirobie,rke eminent aoodwntewtdlhorotigaknoKttdgii^han^ 

jed dafllayed by Ihe ffrmt JVfivA cook ,• trriAn libBntiityt MkiJl^ and iattt 

v^tk itWA All contpatianM fiave beat typified and iUuMeated by the jmb- 

fiiAeri TXe ncwa eattained inM G fff aork muil be tuditd 

oiut pprformed a order t be appnciafed at t/m dtaerve n pajbrmmff 
his tiisli, M. Gouffi a^noujteriga Kith gratitude he untance ha kae re 

Aittinifuixki^ B hrra A ff fr f u-hom htu 

fir Ike bat tuwufj/n y Qarm 

yicforia, TohtU thBUOiag rr 

^CknmlAiu/nuiaBkatical oHrrrdf m 

peHcU aa loeii ae pen tAe y 

mpiuiffiji (a ipaJi oo *bj gung f 

um£ bfiiuty t^ Ike Kood ng j a A khetyn 

-„ .__../....^ _ 1. 1 —tkupraaie Pi Mil Oatc 

_ IE n Sima 

Th Pre Di 

L History of Lace, froin the EarliBst PaniHl! with upwarda of 
OnrHiiiidredlUiiBtnUiiniuidCDiDaredlleiiniB, Bj Hn. Bury Falliier. 



rBiV»pl''''»l°5folM brWi,1tcr The 



>ng; or, Meludi^B, Madrigals, Sonnets, 

Tmm of the Enfliah PoeK ot ihf lut SUO 



lllgalratpd by Ori|^nl 

OTtvtd rvwintly ftr Ihti worn. rriDlwl cm ronm paper, Willi cqlonred 

burden, dniincd by HCI117 Bhiir. F.S.A. Vof himdKinelr bound. 

SirE-BnlwerLytton's tranBltttion; 

,, .JTty-two wood EntfTHvinflB. dnwn by Thomvi 

muL^ Ml,. t„,u,*itij LHf J. D. Coflper, niter the Elehbig* bj Belnph. 

An Entiral; New Edition of Edenr A. Poe's Fopdib. Illustrated 

by Eminent ArtiitL SpibLI 41«, 3gth exln, prltt tUi. W. 
FaTonrilo English Foema. Complelt EiStian. Comprising 8 

Co^lectuni of the moat oaj^bnted Poema In the EniiliBh LnngllHge, with 
bat one or two exreptiont Du^jridged, Crom Chaucer to TennyHon. With 
duo lllDitTBtloni by Ibe flncArtisU. Twa cola. mnlSTo. heil boDid, 
lop gilt. Roiborgb nj-h. II. lit. ; >ntiqQe celf, SI. S>. 

•.- Either Volaoie edd nrpmteJy u dtttinci irorln. I. " Early 
Kngllili Pumi. Chancer b> itjtt." 9. " Favourite Eigliih Poemi, 
Tbonuon to TeBnTanD." Each bandwaely bound in cloth, U. If, 

" One of the Anieeet gift-bajka of lAii ^ear, " Fauourite Entjliek 
"^ ~ m tfi£ CkriMmoi 

rjf pufniati rememhranb.- , 
v\en the ko/ydttye are over, to be plarrdforfr 
-'"-•-'—-' -ifiwowite iketf" — Athennam. 



Christiwj Lyric* Chiofly selfloted troi 
WDdtuse of i. D. Cwper, BmtJl ila. e]«t) 



Muclera Antbors. 138 



ffishnp Hcber's Hymns, Au Cliiatrated Edition, witli upwards 

of Dua hnDdrsd DofliETifl, Eagnved. in Uie Ant Uj\t oT Art DiidEr th« 
«D]>rrlnLOQil«Dce of J- D. Caap«r- Sutal] 4». hujdhfinelf bound, prie* 



Poanis iif the Inner Life. Selected tliielly fr.™ modern Author*, 
hy permJOB^QD. Small p«t Si-O, 0f«; gi]( edges, tti. Od. 

Light after Dnrkness : Religious Fuemri by Harriet Beecbar 

eion. WlUi lllumtiDaB. &ul] jwit 8>d. clotB. Si. td. 
Milton's Paradiae Lost, With the original Steel Engravings of 



MBIT BOOKH FOB YOnNS PSOPI.B. 




Translated and editad 



etnpitly-w 



By JK, Mari 
W lilnitTBUoDt. 
\n*iTuctivii and enteritiining votitme^ [eomprisisig not onh/ a 
'itm and popttitr aeootmi i^ t/te phennrnftut qfvttion andtKm 
lu illiatratsd by t\a tateti i/issof^eria and erperimanta t^fmr 



TheSilvarSksteBj aSwryof HoUand Life. Edited by W.H. G. 

The Voyage uf the Constance; a tale of the Polar Seas. By 
JOiTjaiRiBL. NewEdition,«ilh6lllii.[rmUoii.h7ChjirlesKMBC. Pcsp. 

f Craft that Eaili 



" This KtH-icritlm, wtll--«Tought Joo*."— Atli«iBiim. 

Jlnd a more eomjKK^ous tout iitfelliffibii munval afioiU it. 
U* barietif and rig of tnueii ami tumtical impiemen 
BitnidmyflBiiBw, 

Aho fiy f Atf same AvtAor, 

Burt Own Book of SpoHt. Bj. 
r or Ifae DkfS or Lord GwtaruiB. 



A Boo* afLavghttrfBT F 
ughtBr by Wi 
li, the C1iiJd»> 



% 



Jusch. Inclnding the 



DORrill 






■ad their 



Great Fun Stories. Told bTThomaa Hood andThomnji Archer 

Or iA ESght leparate bookf. It. tafh, collntrfdr ilL plain. 
The Cli«T7-coli.oral C»t. Tbll Lire BDckiBg.HiHie. Mnlrler Mil- 
chief. CoDiin Nellie. BuTf Higfa-Blepper. Qimudluuiuiia*! Bpcctula. 
Ho«lbeHonMWMBnitl. Dog Tob,. 

Great Fun and More Fun for our Little Friends. By Harriet 

Dnder Ihe Waves ; c 
K Ridler. linpT. IC 
U-: giltedBU. U. to. 

Alta bemili/ull^ nUatTaUd. 
1 wbit Iher laid tlie Children. 





SwygiM Lmt mimI Cb.'« 




Dnesn'i Uak by littie; a Tale lor B->^ Editei] b; 

V]^>KirT;BTalctoTM^P«plc. By Mn. J. M. DarliR. 

M Bi*a H like BHket: • Tali ia dw W«l ladiui IiunrrwiiaD. 
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Standard. 

Female Life in Prison. By a Prison Matron. Fourth and 
cheaper edition : with a Photograph, by permission, from the engraving 
of Mrs. Fry reading to the Prisoners in 1816. 1 vol. cr. 8vo., 6*. Cheap 
Edition, fancy boards, 2s. Qd. 

Myself and My Relatives. Second Thousand. With Frontis- 
piece on Steel from a Drawing by John E. Milluis, A.B.A. Cr. 8vo. 6s. 
Cheap Edition, fancy boards, 2s. 6d. 

Tales for the Marines. By Walter Thombury. 2 vols, post 
8vo. 16s. 

The Autocrat of the Breakfast Table. By Oliver Wendell 
Holmes, LL.D. Popular Edition, Is. Illustrated Edition, choicely 
printed, cloth extra, 6s. 

" Wit, wisdom, observation, humour, tenderness, down to the trickiest 
playfulness, bowl across the pnge. We hove seldom read a pleasanter 
book, or one to which we would more readily recur." — Scotsman. 

The Professor at the Breakfast Table. By Oliver Wendell Holmes, 
Author of •* The Autocrat of the Breakfast-Table." Cheap Edition 
fcap '6s. 6d. 

" A welcome book. It may be taJcen up again and aaain, and its pages 
paused over for the enjoyment of the pleasant touches and suggestive 
passages which they contain." — Athena?um. 

The Rooks' Garden, and other Papers. By Cuthbert Bede, 
Author of " The Adventures of Mr. Verdant Green." Cheap Edition. 
Post 8vo. cloth, gilt edges. 3s. 6d. 

The White Wife ; with other stories, Supernatural, Romantic 
and Legendary. Collected and Illustrated by Cuthbert Bede. Post Svo. 
cloth, 6s. Cheap Edition, fancy boards, 2s. dd. 




Jakm oiilMrL Hwub^mely )ianii<l In clalh. if. ° ^ 

The Miniiter't Wooine : & Tale of New Ensland. By the Author 

of ■' UhfIs Tniii'i CibVn." Two EdilLoiu :— 1. In pHl Bvo, clolh. «ilh 

Nolhinglo Wear,aDdT»oMLUii)na, by Wmiam Allen Butler, 1>. 
Railw*; Editions of Popular Fiction. Oo good paper. 



nnri. t>D<T] 
Paul Foster's Daughter. Sa. 
Lost Sir Masainglwrd. 3a. 
Bubbles of Finaore. I(. 
Profit* of Panics. Ii. 
The Gayworthjs. Ii. 6rf. 
The Auioorat of the Break- 



Jl. 

Wlien the Snow Palis, Si. 
Faith Gartney's Girlhood. 1> 6rf 
Mrs. Stowe's Little Foxes. U. 

House and Home. ■•. 

Footsteps Behind Him, 2s. 
Right at Last. Bj Mr^. Gas- 

Hobson's Choice. Bj Diilton 



Taitchnilz s English Editions of 
German Authors. 

Tkr fallouis'} an noio renriy ;— 
On the Heighls. By B. Aoerbach. Translated by BuQ- 

lathe Year '13: a Tale of Mecklenbiii^ Life. By Friti Reuter. 
TmnalBWi] mm Ihc PUtl-DenUrh. by Chirles Lrt hefet. 1 vol. 

Faust. By Goethe. From (he German, hy John Anster, LL.D. 

Undine i and other TaJcs. By Fouquc. Transloled by Bunoett. 

L'ArrahittlB : and other Tales. By Paul Heysp. From the 
0(rm.n. by MiTf Wilson. I vol. 
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